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The Missoula  Val ley  A ir  P o l l u t i o n  Study encompassed s e v e ra l  broad 
a re a s  o f  r e s e a r c h .  The genera l  goal o f  th e  r e s e a rc h  was to  d e f i n e  and 
q u a n t i f y  a i r  p o l l u t i o n  problems in th e  M iss o u la , Montana a re a  and to  a t t em p t  
to  de te rm ine  some o f  th e  e f f e c t s  o f  t h e s e  p o l l u t a n t s .
During th e  summer ambient a i r  m on i to r ing  o f  hydrogen s u l f i d e  and 
s u l f u r  d io x id e  were u n der taken .  E ighteen  hydrogen s u l f i d e  samples 
{ 11 p e rc en t  o f  th e  t o t a l  hydrogen s u l f i d e  samples ) r e g i s t e r e d  va lues  
over th e  S t a t e  Department o f  Heal th  s t a n d a r d s  ( 30 p a r t s  pe r  b i l l i o n  (ppb) ) 
The h ig h e s t  hydrogen s u l f i d e  c o n c e n t r a t i o n  reco rded  was 209 ppb. This 
sample was c o l l e c t e d  near  th e  s e t t l i n g  ponds o f  t h e  Hoerner  - Waldorf 
Corpora t ion  K ra f t  P rocess  pulp m i l l ,  l o c a te d  west  of  Missoula .  The 
ambient a i r  s u l f u r  d io x id e  c o n c e n t r a t i o n s  were r e l a t i v e l y  low. None 
o f  th e  s u l f u r  d io x id e  samples c o l l e c t e d  v i o l a t e d  S t a t e  Heal th  Departemnt 
s t a n d a r d s .  The h ig h e s t  s u l f u r  d io x id e  c o n c e n t r a t i o n  reco rded  was 58 ppb. 
S u l f u r  d io x id e  was d e t e c t e d  both n e a r  th e  pulp m i l l  and in th e  c i t y .  
Background hydrogen s u l f i d e  and s u l f u r  d io x id e  l e v e l s  were determined 
in a reas  o u t s i d e  th e  v a l l e y .  Background hydrogen s u l f i d e  l e v e l s  were 
l e s s  than 7 ppb and th e  s u l f u r  d io x id e  l e v e l s  were l e s s  than  5 ppb.
These va lues  seem to  ag ree  with  background d a ta  from o t h e r  l o c a t i o n s .
P e r i o d i c  m on i to r ing  f o r  hydrogen s u l f i d e  and s u l f u r  d io x id e  was 
a l s o  conducted du r ing  th e  f a l l  o f  1972. New p o l l u t i o n  abatement 
equipment was i n s t a l l e d  and o p e ra t in g  i n t e r m i t t e n t l y  a t  t h e  pulp mil l  
d u r ing  t h i s  t im e.  In genera l  a d e c re a se  in  hydrogen s u l f i d e  c o n c e n t r a t i o n s  
and an i n c r e a s e  in  s u l f u r  d io x id e  c o n c e n t r a t i o n s  were d e t e c t e d .  The 
h i g h e s t  s u l f u r  d io x id e  c o n c e n t r a t i o n  d e t e c t e d  was 190 ppb near  th e  pulp 
m il l
The chemical composit ion of  r a i n w a t e r  in  th e  Missoula Val ley  was
also determined s ince  a i r  p o l lu t io n  can a lso  e f f e c t  the  ra inw a te r  en te r in g  
an ecosystem. The pH ( hydrogen ion concen tra t ion  ) and the  sodium, 
calcium, and s u l f a t e  concen tra t ions  in the ra inw a te r  were determined.
The pH of the  r a in  samples was near ly  neu tra l  ( pH=7 ). Normal ra inw ater  
is s l i g h t l y  a c id ic  ( pH=5.7 ) and ra inw ater  over much of the  Eastern 
United S ta te s  is  q u i te  a c id ic  ( pH=3.5 - 5.0 ) .  The s u l f a t e ,  sodium, and 
calcium concen tra t ions  found in the  v a l ley  were near ly  four  times as 
high as the concen tra t ions  in ou t ly ing  reg ions .  Hence, an unna tu ra l ly  
high concentra t ion  of  chemicals i s  being added to  the  Missoula Valley 
Ecosystem through the  r a in .
The con tr ibu t io n  of road dus t  to  t o t a l  p a r t i c u l a t e  leve ls  was a lso  
determined and high volume p a r t i c u l a t e  sampling f o r  chemical ana ly s is  
was undertaken. The road d u s t  study team determined t h a t  while  the  
suspended p a r t i c u l a t e  l e v e l s  a sso c ia ted  with unpaved s t r e e t s  were 
extremely high, the ac tual  number of  p a r t i c l e s  was low. The p a r t i c l e s  
from unpaved s t r e e t s  a re  gen e ra l ly  la rg e  and have a rapid  f a l l o u t  
ra te .  The high volume p a r t i c u l a t e  sampler used fo r  chemical ana lys i s  
of p a r t i c u l a t e  was located on top of  a h i g h - r i s e  dormitory on the 
Universi ty  of Montana campus. Suspended p a r t i c u l a t e  was analysized fo r  
s u l f a t e ,  benzene so lu b le  f r a c t i o n ,  and lead c o n ce n t ra t io n s .  Even a t  
th is  e le va t ion  of 150 f e e t  above the  ground, measureable amounts of 
atmospheric lead were de tec ted .
In the  Missoula Valley c l im a t ic  m odif ica t ion  can a lso  be a sso c ia ted  
with a i r  p o l lu t io n  and human a c t i v i t y .  I t  was found t h a t  increased  fog, 
decreased v i s i b i l i t y ,  lower cloud c e i l i n g ,  increased  r e l a t i v e  humidity.
and an urban heat  i s l a n d  may a l l  be a s so c ia ted  with increased  human 
a c t i v i t y  and a i r  p o l lu t io n  in the v a l l e y  Also i t  was discovered t h a t
m eteoro log ica l  v a r i a b l e s  have a d e f i n i t e  i n f lu e n c e  on a tm ospher ic  
p a r t i c u l a t e  l e v e l s .  Low windspeed,  t e m p e ra tu re  i n v e r s i o n ,  zero  r a i n f a l l ,  
and high b a ro m e tr ic  p r e s s u r e  a re  a l l  a s s o c i a t e d  w ith  e l e v a t e d  p a r t i c u l a t e  
l ev e ls  in  Missoula.
The f i n a l  phase o f  t h i s  s tudy  d e a l t  w i th  t h e  r e l a t i o n s h i p  between 
a i r  p o l lu t i o n  and r e s p i r a t o r y  d i s e a s e  in  th e  Missoula V a l ley .  Three 
sources of  d a ta  f o r  r e s p i r a t o r y  i l l n e s s  were o b ta in e d :  1) p h y s ic ia n s  
v i s i t s  f o r  r e s p i r a t o r y  i l l n e s s ,  2) h o s p i t a l  a d m iss io n s ,  and 3) r e s p i r a t o r y  
deaths .  These d a ta  were c o r r e l a t e d  with  v a r io u s  environmenta l  pa ram eters  
and the  t ime s e r i e s ,  age s p e c i f i c  and sex s p e c i f i c  in c id e n c e  o f  va r ious  
d iseases  was de te rm ined .  In genera l  t h e hos p i t a l  admiss io n  r a t e s  f o r  
chronic r e s p i r a t o r y  i l l n e s s e s  have in c r e a s e d  in  t he Missoula a re a  s in c e  
1955 whil e  the  acu te  r e s p i r a t o r y  d i s e a s e  admiss ion r a t e s  have remained 
constan t  o r  d e c reased .  R e sp i ra to r y  d e a t h s ,  p a r t i c u l a r l y  DneunK^ru^ and 
emphysema ,  have i n c r e a s e d  in  th e  p a s t  20 y e a r s .  A s i g n i f i c a n t  in v e r s e  
c o r r e l a t i o n  was found between a tm ospher ic  t em p era tu re  and th e  h o s p i t a l  
admission r a t e s  f o r  pneumonia, b r o n c h i t i s ,  and a cu te  upper  r e s p i r a t o r y  
i n f e c t i o n .  A ^ a m a t i c  p o s i t i v e  c o r r e l a t i o n  was a l s o  found betv^ n  
redit e d  v i s i b i l i t y  due to  smoke, f o g ,  o r  haze and h o s p i t a l  admi s s i o n s  
fo r  acu te  upper  r e s p i r a t o r y  i n f e c t i o n .
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PREFACE
This  monograph i s  t h e  f i r s t  in  a s e r i e s  on environmenta l  concerns
in  th e  Missoula  V a l ley  r e g i o n .  Fu tu re  monograph t o p i c s  in c lu d e  Air
P o l lu t io n  and R e s p i r a to r y  D is e a s e ,  P r e c i p i t a t i o n  P o l l u t i o n ,  H2S and SOg 
Levels in  th e  Missoula  Region,  and th e  C o n t r ib u t io n  o f  Road Dust to  
Atmospheric P a r t i c u l a t e  L ev e ls .  These s t u d i e s  were c a r r i e d  ou t  under th e  
ausp ices  o f  th e  U n i v e r s i t y  o f  Montana S tu d e n t  Environmental  Research 
Center w i th  s t u d e n t  funds and a N a t iona l  S c ience  Foundation S tu d e n t  
O r ig in a ted  Study G ran t .  Th is  s tudy  was c a r r i e d  o u t  e n t i r e l y  by s tu d e n t s  
and th e  U n i v e r s i t y  o f  Montana S tu d e n t  Environmental  Research  Center  
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Chapte r  1 
INTRODUCTION.
The p o s s i b i l i t y  o f  c l i m a t i c  m o d i f i c a t io n  a s s o c i a t e d  with  human 
a c t i v i t y  has been a so u rc e  o f  c o n t r o v e r s y  in  th e  Missoula  reg ion  f o r  a 
number o f  y e a r s .  S ev e ra l  papers  have been w r i t t e n  in  an a t tem p t  to  prove 
or  d i sp ro v e  t h i s  phenomena. Perhaps th e  f i r s t  p u b l i sh ed  reco rd  o f  c l im a ­
t i c  m o d i f i c a t io n  a s s o c i a t e d  w i th  human a c t i v i t y  and a i r  p o l l u t i o n  in  th e  
Missoula Val ley  was c o n ta in e d  in  th e  p roceed ings  o f  th e  Western Montana 
Medical S o c ie ty  A ir  P o l l u t i o n  Seminar h e ld  in Missoula  December 2 -3 ,  1964 .  ̂
Mr. Ed Nelson ,  M e t e o r o l o g i s t - I n - C h a r g e ,  a t  th e  Missoula  County A i r p o r t  
d i scu ssed  m e te o ro lo g ic a l  ev idence  which sugges ted  t h a t  Missoula has had 
an in c r e a s e  in  t h e  number o f  days w i th  fog and an i n c r e a s e  in th e  number 
of  hours with  v i s i b i l i t y  s i x  m i le s  o r  l e s s .  In 1968 G. L. Owens pub l ished  
a s tudy  e n t i t l e d  A ir  P o l l u t i o n  in  M is s o u la .^  Owens dwel t  a lmost  e n t i r e l y  
on the  economic a s p e c t s  o f  a i r  p o l l u t i o n  c o n t r o l .  However, Owens d i d  
c i t e  d a ta  on th e  d e c r e a s e  in  v i s i b i l i t y  in  the  Missoula  V a l ley .  Owens 
r e l a t e d  t h i s  d e c r e a s e  in  v i s i b i l i t y  t o  i n d u s t r i a l i z a t i o n  and r e l i e d  on 
N e lson 's  p rev ious  work in  drawing h i s  c o n c lu c io n s .
In August 1966, R ichard  A. Dightman p u b l i sh ed  an ESSA Western 
Region Technica l  Memorandum e n t i t l e d ,  A Comparison o f  Fog Inc idence  a t  
Missoula Montana w i th  Surround ing  L o c a t i o n s . ^ Dightman concluded t h a t  
the in c id en c e  o f  heavy fog a t  Missoula  has m a t e r i a l l y  i n c r e a s e d . i n  com­
p ar i son  t o  su r ro u n d in g  a r e a s .  Dightman a l s o  su g ges ted  t h a t  th e  i n c r e a s e d
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in c id en c e  o f  heavy fog in  Missoula  was n o t  due t o  n a tu r a l  c l i m a t i c  
v a r i a t i o n .  In March 1969 Rudolf  Honkala p u b l i sh ed  a p a p e r .  V i s i b i l i t y  
in th e  Missoula  V a l l e y , in  which he concluded t h a t  v i s i b i l i t y  had shown 
a marked improvement d u r ing  th e  p a s t  f i v e  y e a r s  as compared w ith  the  
previous f i v e  y e a r  p e r io d .4 He a l s o  concluded t h a t  v i s i b i l i t y  problems 
a re  seasona l  w i th  w i n t e r  months p r e s e n t i n g  th e  most s e r i o u s  problem and 
t h a t  wind d i r e c t i o n  was o f  l i t t l e  consequence d u r in g  months w i th  poor 
v i s i b i l i t y .  Honkala a l s o  p u b l i s h e d  a l e t t e r  t o  Dan P o t t s  o f  th e  Hoerner-  
Waldorf C orpora t ion  in  which he c h a l le n g e d  some o f  Dightman's  co n c lu s io n s  
on th e  in c id e n c e  o f  heavy fog in t h e  Missoula  V a l l e y .^  Honkala was 
e s p e c i a l l y  c r i t i c a l  o f  Dightman's  cho ice  o f  comparison s t a t i o n s .  Honkala 
concluded t h a t  a l though  th e  i n c id e n c e  o f  fog in  Missoula  had in c r e a s e d  
during  the  pe r iod  from 1958 to  1965 i t  had dec reased  in  th e  p e r io d  1966- 
1968. In th e  f a l l  o f  1969 Thomas E. Horobik p re s e n te d  a paper on th e  
e f f e c t s  o f  i n d u s t r i a l  w a te r  vapor  on p r e c i p i t a t i o n  in  th e  Missoula  Valley.® 
Horobik concluded t h a t  i n d u s t r i a l  w a te r  vapor  and hygroscop ic  n u c le i  had 
caused an i n c r e a s e  in  w i n t e r  p r e c i p i t a t i o n .  More d e t a i l e d  s t a t i s t i c a l  
a n a ly s i s  would p robab ly  be n e c e s sa ry  t o  j u s t i f y  H o ro b ik 's  c o n c lu s io n s .
The U n i v e r s i t y  o f  Montana S tu d e n t  Environmental Research Center  
has undertaken  a d e t a i l e d  c l i m a t i c  s tu d y  o f  th e  Missoula  V a l ley .  This 
s tudy was d es igned  t o  upda te  p rev io u s  r e s e a r c h  and to  i n i t i a t e  new r e s e a r c h  
on th e  p o s s i b i l i t y  o f  c l i m a t i c  m o d i f i c a t i o n  a s s o c i a t e d  w i th  p a r t i c u l a t e  
•air p o l l u t i o n  and i n d u s t r i a l  w a te r  v apor .  The p o s s i b l e  e f f e c t s  o f  hygro­
scop ic  n u c le i  were e s p e c i a l l y  emphasized. The r e l a t i o n  between m eteoro­
lo g ic a l  c o n d i t i o n s  and p a r t i c u l a t e  a i r  p o l l u t i o n  l e v e l s  in  th e  Missoula  
Valley was a l s o  s t u d i e d  and t h e  p o s s i b i l i t y  o f  a i r  p o l l u t i o n  f o r e c a s t i n g  
based on m e te o ro lo g ic a l  c o n d i t i o n s  was a l s o  e x p lo re d .  This p a r t i c u l a r
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s tudy was g e n e r a l l y  l i m i t e d  t o  suspended p a r t i c u l a t e  and i n d u s t r i a l  
wa ter  vapor  Both p a r t i c u l a t e  and i n d u s t r i a l  w a te r  vapor  can have major  
r o l e s  in  c l i m a t i c  m o d i f i c a t i o n  and a re  s i g n i f i c a n t  in  th e  Missoula 
Valley a i r s h e d .  The r o l e  o f  gaseous a i r  p o l l u t a n t s  i s  a l s o  i n t e r e s t i n g  
and w i l l  be ex p lo re d  as th e  d a ta  becomes a v a i l a b l e .
Chapter  two o f  t h i s  paper  d e a l s  w i th  p a r t i c u l a t e  a i r  p o l l u t i o n  in 
general  and s p e c i f i c a l l y  p a r t i c u l a t e  l e v e l s  in  th e  Missoula  V a l ley  reg ion ,  
Procedures f o r  a n a l y s i s  o f  p a r t i c u l a t e  samples a re  a l s o  d i s c u s s e d .
Chapter t h r e e  p r e s e n t s  a d e t a i l e d  c l i m a t o l o g i c a l  a n a l y s i s  o f  the  Missoula 
Valley and c o n s id e r s  th e  r o l e  o f  human a c t i v i t i e s  as agen ts  o f  c l i m a t i c  
m o d i f i c a t io n .  Chap te r  f o u r  d e a l s  s p e c i f i c a l l y  with  o b s e r v a t io n s  o f  smoke 
and fog a t  t h e  M issoula  County A i r p o r t  and th e  m e te o ro lo g ic a l  c o n d i t i o n s  
a s s o c i a t e d  w ith  t h e s e  o b s e r v a t i o n s .  F i n a l l y  c h a p te r  f i v e  c o n ta in s  a 
study o f  th e  c o r r e l a t i o n  between p a r t i c u l a t e  l e v e l s  and m e teo ro lo g ica l  
co n d i t io n s  and a d i s c u s s i o n  o f  th e  p o s s i b i l i t y  o f  a p o l l u t i o n  p r e d i c t i o n  
model f o r  M issou la ,  Montana based on m e te o ro lo g ic a l  c o n d i t i o n s .
Chapter  2 
ATMOSPHERIC PARTICULATE MATTER
G e n era l ly  when one c o n s id e r s  th e  t o p i c  o f  a i r  p o l l u t i o n  gaseous 
subs tances  such as  s u l f u r  d i o x i d e ,  hydrogen s u l f i d e ,  and photochemical  
smog a re  b rought  to  mind. However, p robab ly  th e  most u b iq u i to u s  a i r  
p o l l u t a n t  i s  a tm ospher ic  p a r t i c u l a t e  m a t t e r  There appears  t o  be some 
co n tro v e rsy  as to  e x a c t l y  what may be c o n s id e re d  a tm ospher ic  p a r t i c u l a t e .  
According to  th e  A ir  Q u a l i t y  C r i t e r i a  Document f o r  P a r t i c u l a t e  M a t te r ,  
p a r t i c u l a t e  i s  c o n s id e re d  t o  be any d i s p e r s e d  m a t t e r ,  s o l i d  o r  l i q u i d ,  
in which in d iv id u a l  a g g r e g r a t e s  a r e  l a r g e r  than  s i n g l e  molecules  but  
sm a l le r  than  500 m ic r o n s . ? (One micron i s  o n e - m i l l i o n t h  o f  a m e te r . )
Sol id  and l i q u i d  w a te r  a r e  not  c o n s id e re d  to  be suspended p a r t i c u l a t e .
P a r t i c u l a t e  m a t t e r  i s  p r e s e n t  to  some degree  th roughout  the  
a tmosphere,however h i g h e s t  c o n c e n t r a t i o n s  a re  g e n e r a l l y  found in urban 
and i n d u s t r i a l  a r e a s .  There a r e  numerous so u rces  o f  a tm ospher ic  p a r t i ­
c u la te  m a t t e r  both n a tu r a l  and a r t i f i c a l .  Atmospheric p a r t i c u l a t e  i s  
formed by two genera l  p ro c e d u re s ,  co nd en sa t io n  and comminution. P a r t i c l e s  
below one micron in  s i z e  a r e  g e n e r a l l y  produced by c o n d e n sa t io n ,  predomin­
a t e l y  p roduc ts  o f  combustion and photdchemiCal smog.'" -Larger  p a r t i c l e s  
a re  g e n e r a l l y  produced by comminution. In urban l o c a t i o n s  p a r t i c l e s  in 
the  s i z e  range 1-10 microns a r e  g e n e r a l l y  c h a r a c t e r i s t i c  o f  loca l  i n d u s t r y  
with p roducts  o f  combustion and s o i l  p a r t i c l e s  a l s o  p r e s e n t .  P a r t i c l e s  
l a r g e r  than  10 microns a r e  o f t e n  produced by mechanical  p ro ce sse s  such 
as g r i n d in g ,  s p r a y i n g ,  and wind e r o s i o n .  The suspended l i f e t i m e  of
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p a r t i c u T a t e  m a t t e r  v a r i e s  from a few seconds t o  s e v e r a l  months depending 
on th e  s i z e  o f  t h e  p a r t i c l e  and th e  h e ig h t  o f  i n j e c t i o n  i n t o  th e  atmos­
phere .
There a r e  numerous methods used in  t h e  c o l l e c t i o n  and a n a l y s i s  o f  
p a r t i c u l a t e  m a t t e r .  P a r t i c l e s  l a r g e r  th an  10 microns have a p p re c i a b le  
s e t t l i n g  v e l o c i t i e s  and a re  g e n e r a l l y  c o l l e c t e d  by im pac t ion .  A p rocedure  
which has been w id e ly  used in  t h e  p a s t  has been c o l l e c t i o n  by impaction 
in d u s t f a l l  j a r s . ^  A d u s t f a l l  j a r  i s  a c y l i n d r i c a l  j a r  which i s  t h e o r e ­
t i c a l l y  expec ted  t o  c o l l e c t  t h e  e q u i v a l e n t  o f  t h e  s e t t l e a b l e  d u s t  c o n te n t  
of an a i r  column o f  i t s  own d iam e te r  ex ten d ing  to  t h e  top o f  th e  atmos­
phere .  There a re  o b v io u s ly  numerous v a r i a b l e s  which could  e f f e c t  t h i s  
procedure  and a t  b e s t  on ly  r e l a t i v e  s i g n i f i c a n c e  can be p laced  in  th e  
r e s u l t s  o b ta in ed  w i th  d u s t f a l l  j a r s .  P a r t i c l e s  in th e  s i z e  range  o f  ,1 
to  10 microns a r e  u s u a l l y  measured e i t h e r  w ith  a t a p e  sampler  o r  a high 
volume p a r t i c u l a t e  sam ple r  In a t a p e  s a m p le r ,  s u c c e s s iv e  p o r t i o n s  o f  
f i l t e r  p a p e r ,  u s u a l l y  paper  t a p e ,  a r e  p o s i t i o n e d  between an a i r  i n t a k e  
tube and a vacuum c o n n e c t io n .  A ir  i s  drawn through th e  f i l t e r  paper  
f o r  a c e r t a i n  s p e c i f i e d  t im e  and th en  a new s e c t i o n  o f  t a p e  i s  moved 
in to  p o s i t i o n . 9 A n a ly s is  o f  p a r t i c u l a t e  c o l l e c t e d  w i th  t a p e  samplers  
i s  u s u a l ly  performed by o p t i c a l  methods.
Perhaps th e  most  w id e ly  used method f o r  c o l l e c t i n g  suspended 
p a r t i c u l a t e  i s  th e  h igh volume a i r  sam ple r  The high volume sam pler  
"conta ins  a motor and blower s i m i l i a r  t o  a vacuum c l e a n e r  Air  i s  thus  
drawn through a f i l t e r  o f  l a r g e  a r e a  and low a i r  r e s i s t a n c e .  The f i l t e r  
paper i s  weighed and a i r  i s  drawn through th e  f i l t e r  f o r  a s p e c i f i e d  
per iod  o f  t im e .  The f i l t e r  i s  then  reweighed.  The i n c r e a s e  in  w e igh t
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d iv ided  by th e  amount o f  a i r  drawn through t h e  f i l t e r  g iv e s  p a r t i c u l a t e  
c o n c e n t r a t i o n  in  mass p e r  u n i t  volume o f  a i r .  The a i r  f low through th e  
f i l t e r  i s  measured by a f low m ete r  which i s  c a l i b r a t e d  w i th  a c a l i b r a t e d  
o r f i c e  u n i t .  The sam ple r  i s  e n c lo se d  in  a s h e l t e r  which keeps o u t  r a i n  
and snow. The s h e l t e r  a l s o  g e n e r a l l y  p re v e n t s  c o l l e c t i o n  o f  p a r t i c l e s  
l a r g e r  th an  100 m ic ro n s .  High volume p a r t i c u l a t e  samplers  a re  in  g enera l  
use th roughou t  th e  U n i ted  S t a t e s .  The N a t io n a l  A ir  S u r v e i l l a n c e  Networks 
have been c o l l e c t i n g  h igh  volume p a r t i c u l a t e  d a ta  s i n c e  1957 and much 
comparison d a ta  i s  a v a i l a b l e . T h e  high volume sampling method has been 
s e l e c te d  by th e  U. S. Government as th e  s t a n d a r d  method f o r  sampling 
suspended p a r t i c u l a t e  and Federa l  S ta n d ards  f o r  suspended p a r t i c u l a t e  
have been p r o m u lg a te d .10
A n a ly s is  o f  p a r t i c u l a t e  below .1 micron in  s i z e  can be performed 
in  s e v e r a l  ways. The mass f r a c t i o n  o f  p a r t i c l e s  below .1 micron i s  
u su a l ly  q u i t e  small  th u s  p a r t i c u l a t e  c o n c e n t r a t i o n s  in t h i s  s i z e  range 
a re  normally  r e p o r t e d  as number p e r  u n i t  volume r a t h e r  than  mass per 
u n i t  volume. P a r t i c l e  cou n ts  can be de te rm ined  by us ing  c loud chambers , 
d i f f u s i o n  t u n n e l s ,  p a r t i c l e  m o b i l i t y  in  an e l e c t r i c  f i e l d ,  o r  e l e c t r o n  
m ic r o sc o p y . 12“ 15 Research in  t h i s  a re a  i s  r a p i d l y  expanding however much 
more in fo rm a t io n  i s  needed on t h e  n a tu r e  and e f f e c t s  o f  small p a r t i c u l a t e .  
Even an e f f e c t i v e  s t a n d a r d i z e d  m on i to r in g  p rocedure  appears  to  be p r e s e n t l y  
lac k in g .
High volume p a r t i c u l a t e  d a ta  has been c o l l e c t e d  in  most l a r g e  
American c i t i e s  f o r  a number o f  y e a r s .  F ig u re  2 .1  c o n ta in s  some average  
p a r t i c u l a t e  sampling d a t a  f o r  60 s t a n d a r d  m e t r o p o l i t a n  s t a t i s t i c a l  a re a s  
from th e  N a t io na l  A i r  S u r v e i l l a n c e  Network (NASN) f o r  th e  p e r io d  1961-1965»
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Standard  M e t ro p o l i t a n Tota l Benzene--solub
S t a t i s t i c a l  Area suspended p a r t i c l e s o rg a n ic  p a r t i
uq/m3 Rank ug/m3 Ran
Chattanooga 180 1 14.5 2
Chi cago-Gary-Hammond- 177 2 9 .5 19.2
Eas t  Chicago
P h i l a d e lp h ia 170 3 10.7 12.5
S t .  Louis 168 4 12.8 4
Canton 165 5 12.7 5
P i t t s b u r g h 163 6 10.7 12.5
In d ia n a p o l i s 158 7 12.6 6
Wilmington 154 8 10.2 15
L o u i s v i l l e 152 9 9 .6 18
Youngstown 148 10 10.5 14
Denver 147 11 11.7 8 .5
Los Angeles-Long Beach 145.5 12 15.5 1
D e t ro i t 143 13 8 .4 28
Balt imore 141 14.5 11.0 10
Birmingham 141 14.5 10.9 11
Kansas C i ty 140 16.5 ' 8 .9 23
York 140 16.5 8 .1 34
New York-Jersey  C i ty - 135 18 10.1 16
N ew a rk -P a ssa ic -P a t te r so n - •Cl i f  ton
Akron 134 20 8 .3 30.5
Boston 134 20 11.7 8 .5
Cleveland 134 20 8 .3 30.5
C inc inna t i 133 22.5 8 .8 25
MiIwaukee 133 22.5 7 .4 42
Grand Rapids 131 24 7 .2 44.5
N ash v i l le 128 25 11.9 7
Syracuse 127 26 9 .3 23
Buffa lo 126 27.5 6 .0 56
Reading 126 27.5 8 .8 25
Dayton 123 29 7 .5 40 .5
A11entown-Bethlehem- 120.5 30 6 .8 50
Easton
Columbus 113 31.5 7 .5 40.5
Memphis 113 31 .5 7 .6 39
Port land(Oregon) 108 34 9 .5 19.5
Providence 108 34 17.7 38
L ancas te r 108 34 6 .8 50
Figure  2.1
Suspended P a r t i c l e  C o n c e n t r a t io n s  (Geometric  Mean o f  Center  C i ty  S t a t i o n )  
In Urban Areas ,  1961 t o  1965. (from Air  Q u a l i ty  C r i t e r i a  For P a r t i c u l a t e  
M a t te r ,  Janua ry  1969)
s ta n d a rd  M e t ro p o l i t a n  
S t a t i s t i c a l  Area ( c o n t . )
-8 "
Tota l
suspended p a r t i c l e s
B en zene-so lub le  
o r g a n ic  p a r t i c l e s
uq/m3 Rank ug/m3 Rank
San Jose 105 36.5 14.0 3
Toledo 105 36.5 5 .6 58
H ar tfo rd 104 38.5 7 .1 46
Washington 104 38.5 9 .4 21
Rochester 103 40 6 .1 55
Utica-Rome 102 41 7 .0 47
Houston 101 42 6 .8 50
Dallas 99 43 8 .8 25
A t lan ta 98 44 .5 7 .8 36.5
Ri chmond 98 44 .5 8 .3 30.5
New Haven 97 46 7 .3 43
Wichita 96 47 5.2 60
Bridgepor t 93 50 7 .2 44 .5
F l i n t 93 50 5 .3 59
Fort  Worth 93 50 7 .8 36.5
New Orleans 93 50 9 .7 17
Worcester 93 50 8 .2 33
A1 bany-Schenectady-Troy 91 .5 53 6 .6 52
M inneapo l is -S t .  Paul 90 54 6 .5 53
San Diego 89 55 8 .5 27
San Franc isco-Oakland 80 56 8 .0 35
S e a t t l e 77 57 8 .3 30.5
Spri ngfi  e ld-Holyoke 70 58 7 .0 47.5
Greensboro-High P o in t 60 59 6 .3 54
Mi ami 58 60 5.7 57
Figure 2 .1  - -  c o n t in u ed
Figure 2 .2  shows a d i s t r i b u t i o n  o f  s e l e c t e d  c i t i e s  by p o p u la t io n  and 
p a r t i c u l a t e  c o n c e n t r a t i o n .  F ig u re  2 .3  shows some chemical c o n c e n t r a t i o n s  
from p a r t i c u l a t e  samples in  th e  NASN. This  d a ta  dem ons t ra te s  th e  wide 
range o f  p a r t i c u l a t e  c o n c e n t r a t i o n s  in  American c i t i e s .  Average p a r t i c ­
u l a t e  c o n c e n t r a t i o n s  range  from abo u t  10 ug/M^ in remote non-urban a re a s  
to  over 220 ug/M^ in  l a r g e  urban a re a s  f o r  an annual ave rag e .  Twenty- 
fo u r  hour c o n c e n t r a t i o n s  as h igh as 2000 ug/M^ have been r e p o r t e d  in
- 9 -
P o p u la t io n  c l a s s 40 60 80 100 120 140 160 180 Total Tota l
40 t o  to  t o  t o  t o  to to to  200 c i t i e s c i t i e s
59 79 99 119 139 159 179 199 in  t a b l e  in  U.S.A.
3 m i l l i o n ..........................................  1 1 2 2
1-3 m i l l i o n — ......................-  — 2 1 — —  — — 3 3
0 .7 -1  m i l l i o n am ^  w  ^  mm am  ^ 7 7
400-700,000 ...................  4 5 6 1 1 1 — 18 19
100-400,000 3 7 30 24 17 12 3 2 1 99 100
50-100,000 — 2 20 28 16 12 6 5 1 3 93 180
25-50,000 5 24 12 12 10 2 1 2 3 71 —  — —
10-25,000 - -  7 18 19 9 5 2 3 1 — 64 *5,453
10,000 1 5 7 15 11 2 1 2 —  —  “  — 44 —  —  —
Total urban 1 22 77 108 79 52 31 16 8 7 401 —  —  —  —
3 In co rp o ra te d  and u n in c o rp o ra te d  a re a s  w i th  p o pu la t ion over  2 , 500.
Figure  2 .2
D i s t r i b u t i o n  o f  S e l e c te d  C i t i e s  by P o p u la t io n  Class  and P a r t i c l e ^
C o n c en t ra t io n ,  1957 to  1967. Avg. p a r t i c l e  c o n c e n t r a t i o n  ug/mr
(from Air Q u a l i ty  C r i t e r i a  For P a r t i c u l a t e  M a t te r ,  January  1969)
P o l l u t a n t Number o f C on cen t ra t io n s  ug/m^
s t a t i o n s A r i t h .  averaged Maximum
Suspended p a r t i c u l a t e s ..................  291 105 1254
F ra c t io n s  :
Benzene-so lub le  o r g a n i c s .............................  218 6 .8 (b)
N i t r a t e s .................................... ..............................  96 2 .6 39.7
S u l f a t e s .............. ............................ 96 10.6 101.2
Ammonium.............. ..............................  56 1.3 75.5
Antimony.............. ............................ 35 0.0Û1 0.160
A r s e n ic ................ ............................ 133 0 .02 (b)
B e ry l l iu m ............ ..............................  100 0.0005 0 .010
Bismuth.............. .........................  35 0.0005 0.064
Cadmi um................ ..............................  35 0 .002 0 .420
Chromium.............. ..............................  103 0 .015 0.330
C o b a l t .................. ..............................  35 0.0005 0.060
Copper.................. ..............................  103 0 .09 10.00
I r o n ....................... .............................. 104 1 .58 22.00
Figure  2 .3
A r i th m e t ic  Mean and Maximum Urban P a r t i c u l a t e  C o n c en t ra t io n s  in  th e  
United S t a t e s ,  Biweekly Samplings ,  1960 to  1965. (from A ir  Q u a l i ty  
C r i t e r i a  For P a r t i c u l a t e  M a t te r ,  January  1969)
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P o l l u t a n t Number o f  
s t a t i o n s
 C o nc en t ra t io n s  uq/m^
A r i t h .  average^  Maximum
Lead.............................................
Manganese................................ .
Molybdenum................................
N ic k e l .......................  ..............
T in ................................................
T i tan ium ....................................
Vanadium....................... ............
Z inc .......................; ....................
Gross b e ta  r a d i o a c t i v i t y .
104
103
35
103 
85
104 
99 
99
323
0 .79
0.10
0.005
0 .034
0 .02
0 .0 4
0.050
0 .67
8.60
9.98
0 .78
0.460
0 .50
1.10
2.200
58.00
( 0 . 8  pCi/m3) (1 2 .4  pCi/m^)
^ A r i th m e t ic  averages  a r e  p re s e n te d  to  pe rm i t  comparable e x p re s s io n  
of  averages  d e r iv e d  from q u a r t e r l y  composite  sam ples ;  as such they  a re  
no t  d i r e c t l y  comparable to  geom etr ic  means c a l c u l a t e d  f o r  p rev ious  
y e a r s '  d a t a .  The g eom etr ic  mean f o r  a l l  urban s t a t i o n s  dur ing  1964-65 
was 90 ug/m3, f o r  th e  nonurban s t a t i o n s ,  28 ug/m^.
^ No in d iv id u a l  sample a n a ly se s  performed.
Figure  2 .3  — con t inu ed
h e a v i ly  p o l lu t e d  urban a r e a s .  In t h e  Montana S t a t e  Air  P o l l u t i o n  
Implementat ion Plan a p a r t i c u l a t e  c o n c e n t r a t i o n  o f  30 ug/M^ was con­
s id e r e d  background l e v e l . 16 The geom etr ic  mean f o r  p a r t i c u l a t e  in 
G la c ie r  Nat iona l  Park du r ing  th e  pe r io d  1962-1966 was 13.7 ug/M^ 
During 1970 th e  h i g h e s t  p a r t i c u l a t e  l e v e l s  in  Montana were measured 
in  Libby. Libby had an annual geom etr ic  mean o f  219 ug/m^ and a 24 
hour maximum of  733 ug/M^ F igu re  2 .4  shows th e  Federa l  S tandards  
promulgated f o r  suspended p a r t i c u l a t e .  The Federa l  pr imary s t a n d a r d s  
d e f in e  l e v e l s  o f  a i r  q u a l i t y  which w i l l  p r o t e c t  p u b l i c  h e a l th  with  
an adequa te  margin o f  s a f e t y .  Secondary s t a n d a r d s  a r e  des igned  to  
p r o t e c t  th e  p u b l i c  w e l f a r e  from any known o r  a n t i c i p a t e d  adverse  
e f f e c t s  o f  a p o l l u t a n t .  P a r t i c u l a t e  l e v e l s  in  most American c i t i e s  
g r e a t l y  exceed t h e  Federa l  pr imary  s t a n d a r d s .  The S t a t e  of  Montana 
has a l s o  developed A ir  P o l l u t i o n  S t a n d a r d s . M o n t a n a  p a r t i c u l a t e
- l l r
(1) N a t iona l  pr imary  ambient  a i r  q u a l i t y  s t a n d a r d  f o r  p a r t i c u l a t e  m a t t e r
(a )  75 micrograms p e r  cub ic  m eter  annual geo m e tr ic  mean
(b) 260 micrograms pe r  cub ic  m eter  — maximum 24 hour c o n c e n t r a t i o n
no t  t o  be exceeded more than  once a y e a r
(2) Na t iona l  secondary  ambient  a i r  q u a l i t y  s t a n d a r d s  f o r  p a r t i c u l a t e  
m a t t e r
(a )  60 micrograms per  cub ic  m ete r  annual geom e tr ic  mean
(b)  150 micrograms p e r  cub ic  m eter  — maximum 24 hour c o n c e n t r a t i o n
n o t  t o  be exceeded more than  once a y e a r
Federal P a r t i c u l a t e  S ta n d a rd s
(1) Tota l  suspended p a r t i c u l a t e
(a)  75 micrograms p e r  cu b ic  m ete r  o f  a i r ,  annual geom etr ic  mean
(b) 200 micrograms p e r  cub ic  m ete r  o f  a i r ,  no t  t o  be exceeded 
more than  one p e r c e n t  o f  days a y e a r
(2) S e t t l e d  p a r t i c u l a t e
(a)  15 tons p e r  sq u a re  m i le  p e r  month, 3 month average  in  
r e s i d e n t i a l  a re a
(b) 30 tons pe r  sq u a re  m ile  pe r  month, 3 month average  in  heavy 
i n d u s t r i a l  a re a s
(3) S u l f a t e  f r a c t i o n
(a)  4 micrograms p e r  cu b ic  m ete r  o f  a i r ,  maximum a l lo w ab led  
annual average
(b) 12 micrograms p e r  cub ic  m ete r  o f  a i r ,  no t  to  be exceeded 
over one p e r c e n t  o f  t h e  time
(4) Lead f r a c t i o n
(a)  5 .0  micrograms pe r  cub ic  m ete r  o f  a i r ,  30 day average
(5) Beryll ium
(a)  0 .01  micrograms pe r  cu b ic  m eter  o f  a i r ,  30 day average
Montana S t a t e  P a r t i c u l a t e  S tandards
Figure  2 .4  Federal  and Montana S t a t e  P a r t i c u l a t e  S tandards
s ta n da rd s  a r e  q u i t e  s i m i l a r  t o  t h e  Federa l  S tandards  and a re  a l s o  given 
in  f i g u r e  2 . 4 .  The S t a t e  o f  Montana has a l s o  promulgated s t a n d a r d s  f o r  
c e r t a i n  chemical c o n s t i t u e n t s  o f  p a r t i c u l a t e  m a t t e r .
P a r t i c u l a t e  d a ta  has been c o l l e c t e d  in  Missoula  f o r  over  t e n  y e a r s .  
The f i r s t  d a ta  was c o l l e c t e d  f o r  th e  s t a t e w i d e  su r v e y ,  A Study o f  Air 
P o l l u t io n  in  Montana, conducted  by th e  S t a t e  Department o f  Heal th  in  1961-
1962.19 P a r t i c u l a t e  r e a d in g s  were c o l l e c t e d  a t  th e  Federa l  B u i ld in g  and 
th e  F o r e s t  Research L ab o ra to ry  west  o f  M issou la .  Sampling s t a r t e d
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Ju ly  25 ,  1961 and samples were c o l l e c t e d  every  t h i r d  day us ing  a high 
volume sam ple r .  T o ta l  suspended p a r t i c u l a t e  l e v e l s  were de te rm ined  and 
th e  benzene s o l u b l e ,  l e a d ,  and a r s e n i c  f r a c t i o n s  were o b t a in e d .  F igu re
2 .5  g ives  th e  average  monthly va lu es  o b ta in e d  f o r  t h e  above measurements .  
Figure  2 .6  g ives  summary d a ta  f o r  Missoula  and s i x  o t h e r  Montana c i t i e s  
f o r  comparison.  This  s tu d y  dem ons tra ted  t h a t  suspended p a r t i c u l a t e  l e v e l s  
in  th e  Missoula  V a l ley  were q u i t e  h ig h .  The benzene s o l u b l e  f r a c t i o n  o f  
th e  p a r t i c u l a t e  was h i g h e r  in  Missoula  than  in  any o f  th e  o t h e r  Montana 
c i t i e s  sampled. In f a c t  t h e  benzene s o l u b l e  f r a c t i o n  r e p o r t e d  f o r  Missoula  
was h ig h e r  than  f o r  any o f  t h e  c i t i e s  r e p o r t e d  in  f i g u r e  2 . 1 ,  which i n ­
c ludes  most o f  th e  l a r g e  m e t r o p o l i t a n  a re a s  in  th e  United  S t a t e s .  The 
p o ly c y c l i c  hydrocarbon c o n te n t  o f  t h e  benzene s o l u b l e  f r a c t i o n  o f  th e  
p a r t i c u l a t e  was a l s o  de te rm ined  in  t h i s  s tu d y .  The benzo (a)  pyrene 
l e v e l s  f o r  seven Montana c i t i e s  and t h r e e  l a r g e  m e t r o p o l i t a n  a re a s  a r e  
shown in  f i g u r e  2 . 7 .  The benzo (a )  pyrene lev e l  in  Missoula  was h i g h e s t  
o f  t h e  seven Montana c i t i e s  s t u d i e d .
Following the  S t a t e  Department o f  Heal th  r e p o r t  i n t e r m i t t e n t  
p a r t i c u l a t e  m on i to r ing  was conducted  by th e  Missoula  City -County  Heal th  
Department u n t i l  t h e  f a l l  o f  1969.^0 The sampling l o c a t i o n  was g e n e r a l l y  
th e  Missoula County Courthouse .  F igu re  2 .8  g iv es  t h e  annual and q u a r t e r l y  
average t o t a l  suspended p a r t i c u l a t e  l e v e l s  f o r  t h e  p e r io d  1961-1962, 1965- 
1966, and 1966-1967- The annual  average  t o t a l  suspended p a r t i c u l a t e  
T^vels range  around 150 micrograms p e r  cub ic  m eter  o f  a i r  The S t a t e  
Ambient A ir  S tandard  i s  75 ug/M^ f o r  an annual a ve rag e .  These l e v e l s  
a re  comparable to  th o se  found in  major  m e t r o p o l i t a n  a r e a s .  F ig u re  2 .9  
g ives  th e  benzene s o l u b l e  f r a c t i o n  f o r  t h e  same t im e  p e r i o d s .  While t h e
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Monthl.y T o ta l  P a r t i c u l a t e  V a r i a t i o n  Monthly A rsen ic  F r a c t io n  V a r i a t i o n
Cone.*
312
214
182
178
169
151
148
145
144
117
108
103
Month
Nov.
March
Feb.
Apri 1
June
Jan .
Oct.
J u l y
Dec.
May
Sep t .
Aug.
158 Y e a r ' s  average .
104 All c i t i e s  ave rag e .
♦Concentra t ion  in  micrograms 
per cubic  m eter  o f  a i r .
Cone.*
0.02
0.02
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
Month
Jan .
March
Nov.
Feb.
Dec.
S ep t .
Oct.
Apri 1
May
June
Ju ly
Au£ .._
0 .01  Y e a r ' s  a v e rag e .
0 .0 8  All c i t i e s  average .
♦C o ncen tra t io n  in  micrograms 
pe r  cub ic  m ete r  o f  a i r
Monthly Organic F r a c t io n  V a r i a t i o n  Monthly Lead F r a c t io n  V a r i a t io n
Cone.* Cone.* Month
56.6 Nov. 1.17 Nov.
43.5 Jan . 0 .79 Jan .
41.9 Oct. 0 .76 Dec.
40.7 Feb. 0 .45 Feb.
36.3 Dec. 0 .45 March
28.3 March 0 .33 Oct.
22.9 Apri l 0 .23 Apri 1
17.3 June 0 .21 Sep t .
15.4 J u ly 0 .20 J u ly
14.9 May 0.15 May
13.3 Aug. 0 .11 Aug.
12.0 S e p t . 0 .10 June
26.6 Y e a r ' s  average . 0 .40  Y e a r ' s  ave rag e .
13.1 All c i t i e s  ave rag e . 0 .39  All c i t i e s average .
♦Concen tra t ion  in  micrograms ♦C o ncen tra t ion in  micrograms
per cubic  m eter  o f  a i r p e r  cub ic  m ete r  o f  a i r
Figure  2 .5
Missoula P a r t i c u l a t e  Levels  1961-1962 (from A Study o f  A ir  P o l l u t i o n  in  
Montana, S t a t e  Department o f  H e a l th ,  J u l y  1961-Ju ly  1962).
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D ae-fab 
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S a p t 'f a b
Y aar
Juna-Aug 
Saot-Mov 
Dec-Feb 
Mar-May 
Bapt-Fab
Year 
Juna-Aug 
Bept-Nov 
Dae-Fab 
Mar-May 
Bept-Fab
Year 
Juna-Aug 
Bapt-Nov 
Dec-Feb 
Mar-May 
Sept-F ab
Year 
Juna-Aug 
Bapt-Nov 
Dee-Fab 
Mar-May 
Bapt-Fab
Year 
Juna-Aug 
Bapt-Nov 
Dee-Fab mr-May 
Bapt-Fab
Y ear 
Juna-Aug 
Sept-Nov 
Dec-Feb mr-May 
Sapt-F eb
It.»'-
X95*>-57i f ;' 
X95<t ■“ X95t*i S i
Year
Y ear
YearX9M-5-7)J{ 7.»r X95t-57'̂ ' 7«»r
no- o r  
Samples jM ln. Max. Avr. M in. Max. Avg. ' M in. Max. Avg. M in. ' M in. Max. Avg.
16 339 lad "  S2 .7 " 7 .9  "“TT.O“- 7 : 50“ O.U r « r 0.54 0.0 ' ' U . 8 P 0 ,08
32 51 166 104 2.7 17.4 6 .9 0.0 1.87 0.52 0.0 2.10 0.48 0.0 0 .2 8 0 .05
30 20 225 73 2.7 20.5 6.8 0.0 1.77 0.46 0.03 3.20 0.46 '1 0.0 0.20 0.10
30 11 181 62 1.8 2 2 .7 10.0 0.0 2.50 0.54 0 .17 1.65 0.71 0.0 0.22 0.10
31 10 339 115 3 .4 15 .1 8.1 0.0 1 .34 0 .26 0 .0 8 1 .70 0 53 0.0 0.87 0 .06
60 11 225 67 1.8 22 .7 8.4 0.0 2 .5 0 0 .50 0.03 3.20 0 .5 8  . 0.0 0.20 0.10
110 12 554 99 1.8 51.7 8.0 0.0 0.14 0.004 0.0 3 . ^ 0 .36 0.0 0 .31 0 .08
32 35 196 96 3 3 14.8 6 .9 • 0.0 0.l4 0.005 0.0 1.06 0.29 0.0 0.20 0.05
28 17 235 110 2 . 6 26.4 9.1 0.0 0.04 0.007 0.11 1.22 0.40 0.0 . 0.20 0 ' ^  *28 12 554 83 1.8 51.7 7 .6 0.0 0.01 0.001 0.0 3 .50 0.40 0 .06 0 .31
30 21 366 103 3-1 23.7 8.1 0.0 0.03 0.005 0.02 3 56 0.35 0.0 0.19 0 .05
56 12 554 96 1.8 51 .7 8 .3 0.0 0.04 0.004 0.0 3 .5 0.40 0.0 0 .3 1 0.11
123 14 437 125 0 .7 51.4 12.1 0.0 0 .55 0.07 0.00 1 .5 0.41 0.00 4.86 0 .5 8
33 44 168 109 2.2 24.6 7 .8 0.0 0.22 0 .06 0.00 1.00 0.30 : 0.00 0.40 0.14
30 25 437 U5 0 .7 51.4 10.9 0.0 0.55 0 .09 0.12 1.12 0 .3 8 0 .Ô3 4.07 0.53
30 30 317 121 0.7 39.8 17 .6 0.0 0.21 0 .06 0 .08 1 .5 0.66 O.IO 4.86 i - S
30 14 425 151 3-2 27.9 U .9 0.0 0.33 0 .06 0.02 1.0 0.31 0.0 ? - L
0 .56
6 o 25 437 llB 0 .7 51 .4 14.2 0.0 0.55 0 .0 6 0 .0 8 1 .5 0.52 . 0.03 4.86 0 .81
UT 6 209 58 1.4 39.0 5 .6 0.0 0.11 0.01' 0.01 1'9D 0.41 0.0 0 .36
0.04
30 28 173 69 2.0 9.4 5 .1 0.0 0 .07 0.01 0.01 0.84 0 .28 0.0 0 ,09 0.02
28 10 209 67 1.4 3 0 .0 5 .6 0.0 0.11 0.02 0.01 1.90 0.40 : 0.0 0.16 0 .08
28 8 123 37 8 12,3 4 .9 0.0 0.03 0.005 0.12 1.50 0.72 0.0 0 .36 0.07
31 8 151 58 2 39.0 6.6 0.0 0 .06 0.000 0.01 1.0 0.26 0.0 O.U 0.01
56 8 209 52 1.4 12.3 5.2 0.0 o . u 0.01 0.01 1 .90 0.56 0.0 0 .3 6 0.07
119 13 251 72 0 .3 18.7 6 .3 0.0 0 .16 0.02 0.0 2.50 0.34 : 0.0 0 .6 1 0.10
31 24 169 60 2.0 8.6 5 .3 -0.0 0.02 0.005 0.0 0.70 0.16 0.0 0.14 0.04
27 16 163 54 0 .3 10.2 4.8 0.0 0 .07 0.02 0.0 0 .83 0 .28 . 0.0 0.21 0.12
30 13 l4 l 53 3 .0 18.7 7.8 0.0 0 .16 0 .03 0 .0 9 2.20 0 .61 0.0 0 .3 0 0 .13
31 19 251 95 4.4 12.8 7.2 0.0 0.16 0.03 0.0 2 .5 0 0.33 . 0.0 0.61 0 .09
57 13 163 53 0 .3 18.7 6 .3 0.0 0 .1 6 0.03 0.0 2.20 0 .45 ' 0.0 0 .3 0 0.12
111 33 421 128 2.7 95 .7 27.4 0.0 0.01 . o o r 0.0 1.30 0.28 0.0 1 .16 0.06
22 40 334 98 2 . 7 2 5 .6 10.6 0.0 0.00 0 .0 0.0 1.80 0.09 0.0 0.20 0.05
29 33 400 113 7 .7 9 5 .7 25.0 0.0 0.01 0.001 0.0 0 .83 0.24 0.0 0.24 0.11
30 56 394 126 6.4 8 7 .8 48.6 0.0 0.01 0.004 0.12 1.30 0.54 0.0 0 .0 8
30 36 421 164 6 .7 50.2 21.8 0.0 0.01 o.ore 0.01 0 .67 0.20 0.0 1 .16 0.07
59 33 400 118 6.4 9 5 .7 36 .8 0.0 0.01 0.003 0.0 1 .30 0.39 0.0 0.24 0 .09
115 15 666 158 2.6 120.6 2 6 .6 0.0 0.15 0 .01 0.0 1.60 0.40 0.0 0 .3 8 0 .98
42 15 252 139 2.8 31 4 15 3 0.0 0.01 0 .0 0.0 1.00 0.14 0.0 O.U 0.05
19 58 666 189 6.0 68.2 36.5 0.0 0 .07 0 .01 0.10 0 .36 0 57 0.0 O'33 0.15
26 17 423 159 3 .7 120.6 40.2 0.0 0.13 0 .01 0 .08 1.60 0.67 0.0 0.21 0.10
26 49 424 170 4 .5 6 0 .0 22.0 0.0 0 .15 0.007 o .o 4 1.00 0 .26 0.0 0 .3 8 0 .06
47 17 666 174 3 .7 120.6 38.3 0.0 0.13 .01 0 .08 1.60 0.62 0.0 0 .33 0 .13
21** 73 532 102 3.6 56 .0 14.4 0.0 0.25 0.05 0.02 0 .9 2.1 0.0 1 .6 0 0.57
■ 31** 65 714 200 5.9 39 .0 15.1 0.0 0 .32 0.03 0.0 12.2 1.8 0.0 3.92 1.23
IiO*e 42 336 136 2.1 50 .0 10.4 0.0 0 .30 0.02 0.1 14.6 2.0 0.0 2.11 0 .35
UO** 21 334 89 0.8 58 .8 9 .6 0.0 0 .0 6 0.01 0.1 7 .1 2.0 0.07 4 .0 6 0 .93
40** 20 253 76 1.3 S ’? 9.2 0.0 0 .3 0.119** 50 594 185 3 .0 69 .4 2 3 .3 0.0 0.65 0.05' 0.0 14.1 3 .6
AXX Juia» MMPX*. u .r *  oo lX .e tad  l a  19621 .o  
F or aXX e l t l * .  « c c p t  .«  o c ta d .
o f  J u ly  M apX a. eoLXactatf In  b o th  y a a ra ; Auguat-Daoeobar l a  X9&X; Jaouory-^tey l a  X962i
a*  Or o o n .
( I )  F o r  a ra a o lo , XaaO & f lu o t ld a a  o o ly  -  aXX o th a ra  f o r  p  a r a  X957-6 X.
Figure  2 .6
Sunmary o f  Measured Atmospheric  C o n c e n t r a t io n s  o f  Tota l  Suspended 
P a r t i c u l a t e ,  Benzene S o lu b le  F r a c t i o n s ,  A r s e n i c ,  Lead, and F lu o r id e s  
in  Montana and Other  C i t i e s  (from A Study o f  Air  P o l l u t i o n  in  Montana, 
S t a t e  Department o f  H e a l th ,  J u l y  1961 - J u l y  196271
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Figure 2.7 Benzo (a) Pyrene (BaP) Content of  Air- 7 Montana C i t i e s ,  July - December 1961
with Comparison C i t ie s  (from A Study of Air Po l lu t ion  In Montana, S ta te  Department 
of Health , July 1961 - July 1962).
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Figure  2 .8  Missoula ,  Total Suspended P a r t i c u l a t e  (from Orig ina l  Missoula County Health
Department Graphs).
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Figure  2.9 Missoula ,  Organic F rac t io n  o f  Total Suspended P a r t i c u l a t e  (from O r ig ina l  Missoula
County Health Department Graphs).
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benzene s o l u b l e  f r a c t i o n s  l e v e l s  a r e  not  as e l e v a t e d  as th e  1961-1962 
d a t a ,  th e  1965-1966 and 1966-1967 annual averages  a r e  s t i l l  h ig h e r  than  
any o f  th e  c i t i e s  g iv en  in  f i g u r e  2 .1 .  The s u l f a t e  f r a c t i o n  o f  t h e  s u s ­
pended p a r t i c u l a t e  i s  g iven  in  f i g u r e s  2 .10 and 2 .11  f o r  th e  y e a r s  1965- 
1966 and 1968. The s o l i d  l i n e  i s  th e  s t a t e  ambient a i r  s t a n d a r d  f o r  t h e
s u l f a t e  f r a c t i o n  o f  t h e  suspended p a r t i c u l a t e .
P a r t i c u l a t e  sampling was under taken  by th e  Missoula  City-County  
Heal th  Department on a d a i l y  b a s i s  b eg in ing  in  September 1969. P r e s e n t l y  
t h e r e  a re  t h r e e  p a r t i c u l a t e  sampling s t a t i o n s  l o c a te d  in  the  Missoula  
Val ley  o p e ra te d  by t h e  City-County  Heal th  Department. These sam plers  a r e  
lo c a te d  a t  t h e  M issoula  County Courthouse in  downtown M issou la ,  a t  t h e  
Missoula County A i r p o r t ,  w es t  o f  M issou la ,  and a t  F o r t  M issou la ,  sou thw es t  
o f  th e  C i ty .  The monthly average  t o t a l  suspended p a r t i c u l a t e  l e v e l s  a t  
th e  c o u r th ou se  sampling s i t e  a r e  g iven  in  f i g u r e  2 .1 2 .  The benzene s o l u b l e  
and s u l f a t e  f r a c t i o n s  a r e  shown in  f i g u r e s  2 .13  and 2 .1 4 .  A i r p o r t  p a r t i ­
c u l a t e  averages  a r e  shown in  f i g u r e s  2 .1 5 ,  2 .16 and 2 .1 7 ,  and F o r t  Missoula
p a r t i c u l a t e  d a ta  a r e  c o n ta in e d  in  f i g u r e s  2 . 1 8 ,  2 .1 9 ,  and 2 .20 .
F igu re  2 .12  shows t h a t  th e  t o t a l  suspended p a r t i c u l a t e  l e v e l s  
r eco rded  a t  t h e  c o u r th o u s e  have dec rea sed  s u b s t a n t i a l l y  s i n c e  th e  d a i l y  
read in g s  began.  The annual  average  f o r  1970 was 115 ug/M^ and 99 ug/M^ 
f o r  1971 as compared t o  160 ug/Mp f o r  1961-1962. This  d e c r e a s e  may r e f l e c t  
the  i n c r e a s e d  c o n t r o l  o f  wood w as te  d i s p o s a l  in  Missoula  as t h e  benzene 
-so lub le  f r a c t i o n  has a l s o  d e c re a se d  s i g n i f i c a n t l y .  The 1971 annual a v e rage  
was 11 ug/M^, l e s s  th an  h a l f  th e  leve l  r e p o r t e d  in  1961-1962. P a r t i c u l a t e  
from wood waste  b u rn e r s  w i l l  have a h igh c o n te n t  o f  benzene s o l u b l e  com­
p onen ts .  Some o f  t h e  o t h e r  p o s s i b l e  f a c t o r s  a f f e c t i n g  th e  t o t a l  suspended
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Figure  2.10 M issoula ,  S u l f a t e  F rac t ion  of  Total Suspended P a r t i c u l a t e  (from O r ig in a l  Missoula County
Health  Department Graphs)
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Figure  2.11 Missoula ,  S u l f a t e  F rac t ion  of  Total Suspended P a r t i c u l a t e  (from O r ig in a l  Missoula County
Health  Department Graphs).
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Figure  2 .12
Missoula Tota l  Suspended P a r t i c u l a t e  - Monthly Average S e p t .  1969 - Dec. 1971 
(from Missoula  County Heal th  Department Data) - -  Courthouse  Sampling S i t e .
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Figure 2 .13
Missoula ,  Benzene S o lu b le  P a r t i c u l a t e  F r a c t io n  (from Missoula County 
Health Department Data) — Courthouse Sampling S i t e .
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Figure  2 .14
Missoula ,  S o lu b le  S u l f a t e  P a r t i c u l a t e  F r a c t io n  (from Missoula  County 
Health Department Data) — Courthouse Sampling S i t e .
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Figure  2 .15
Missoula  Tota l  Suspended P a r t i c u l a t e  -  Monthly Average Feb. 1971 - Dec. 1971 
(from Missoula  County H ea l th  Department Data) - -  A i r p o r t  Sampling S i t e .
- 2 4 -
m
e n
F M J  A S 0  N D
1971
Figure 2.16
M issoula ,  Benzene S o l u b l e  P a r t i c u l a t e  F r a c t io n  (from Missoula  County 
Health Department Data)  — A i r p o r t  Sampling S i t e .
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Figure  2.17
• •
Missoula,  S o lu b le  S u l f a t e  P a r t i c u l a t e  F r a c t io n  (from Missoula  County 
Health Department Data)  - -  A i r p o r t 'S a m p l in g .S i  t e .
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Figure  2 .18
Missoula Tota l  Suspended P a r t i c u l a t e  - Monthly Average Mar. 1971 - Dec. 1971 
(from Missoula  County Heal th  Department Data) - -  F o r t  Missoula  Sampling S i t e ,
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Figure 2.19
Missoula,  Benzene S o l u b l e  P a r t i c u l a t e  F r a c t io n  (from Missoula  County 
Health Department Data) — F o r t  Missoula  Sampling S i t e .
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Figure  2.20
Missoula ,  S o lu b le  S u l f a t e  P a r t i c u l a t e  F r a c t i o n  (from Missoula  County 
Health Department Data)  — F o r t  Missoula  Sampling S i t e .
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p a r t i c u l a t e  l e v e l s  in  Missoula  w i l l  be d i s c u s s e d  in  subsequen t  c h a p t e r s .  
According th e  S t a t e  o f  Montana a i r  p o l l u t i o n  im plem enta t ion  plan a 51% 
re d u c t io n  in  t o t a l  suspended p a r t i c u l a t e  from 1970 l e v e l s  i s  s t i l l  needed 
in  Missoula t o  meet t h e  f e d e r a l  annual geom etr ic  mean p a r t i c u l a t e  s t a n d a r d .  
The S u l f a t e  f r a c t i o n  l e v e l s  a t  t h e  Courthouse  sampling s i t e  have no t  shown 
the  red u c t io n  p r e s e n t  in  t h e  t o t a l  suspended p a r t i c u l a t e  and benzene 
so lu b le  f r a c t i o n .  The s o l u b l e  s u l f a t e  annual  average  f o r  1970 was 7.4  
ug/M^ The 1971 average  was 13 ug/M^, over  t h r e e  t imes th e  S t a t e  annual 
average ambient  a i r  s t a n d a r d  f o r  s o l u b l e  s u l f a t e .  S u l f a t e  i s  a common 
chemical c o n s t i t u e n t  o f  pulp  m i l l  p a r t i c u l a t e .  The p a r t i c u l a t e  l e v e l s  a t  
the  a i r p o r t  and F o r t  Missoula  g e n e r a l l y  r e f l e c t  t h e i r  non-urban l o c a t i o n .  
The p a r t i c u l a t e  l e v e l s  a t  th e  a i r p o r t  and F o r t  Missoula  a r e  u s u s a l l y  l e s s  
than h a l f  the  l e v e l  found a t  t h e  Courthouse s a m p l i n g . s i t e .  The e l e v a t e d  
s u l f a t e  l e v e l s  found a t  t h e  a i r p o r t  sampling lo c a t i o n  can perhaps be 
a t t r i b u t e d  to  pulp m i l l  p a r t i c u l a t e .
In t h i s  c h a p t e r  we have p r e s e n te d  a g r e a t  deal  o f  high volume 
p a r t i c u l a t e  sampling d a t a .  A d i s c u s s i o n  o f  th e  l i m i t a t i o n s  and accuracy  
o f  high volume p a r t i c u l a t e  sampling appears  n e c e s s a r y .  F i r s t ,  i t  must be 
understood t h a t  a h igh volume p a r t i c u l a t e  sam pler  measures only th e  w e igh t  
of  p a r t i c u l a t e  in  a g iven  volume o f  a i r .  No in fo rm a t io n  concern ing  th e  
s i z e  o r  number o f  p a r t i c l e s  can be de te rm ined  w i th  t h i s  method, a l though  
many o f  th e  adverse  e f f e c t s  a s s o c i a t e d  w i th  p a r t i c u l a t e  a i r  p o l l u t i o n  
depend on p a r t i c l e  s i z e .  The chemical composi t ion  o f  p a r t i c u l a t e  c o l l e c t e d  
using th e  high volume sampling t e c h n iq u e  can be de te rm ined  to  some deg ree .  
Numerous i n t e r f e r e n c e s  from t h e  f i l t e r  paper  a r e  p o s s i b l e  however.
Numerous e r r o r s  a r e  i n h e r e n t  in  th e  high volume sampling t e c h n iq u e .
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however t h é  p r e c i s i o n  and accuracy  o f  t h e  method s t i l l  depends on th e
a n a l y s t .  The t h e o r e t i c a l  r e p e a t i b i l i t y  f o r  a s i n g l e  a n a l y s t  o f  th e  high
21volume sampling t e c h n iq u e  i s  t h r e e  p e r c e n t .  The r e p r o d u c i b i l i t y  o f  th e  
method i s  3 .7  p e r c e n t .  C a re le s s  a n a l y t i c a l  t e c h n iq u e s  can g r e a t l y  i n c r e a s e  
th e s e  v a lu e s .  Some o f  t h e  e r r o r s  i n h e r e n t  in  t h e  method in c lu d e  a v a r i a b l e  
flow r a t e  caused by f l u c u a t i o n s  in  l i n e  c u r r e n t  and i n a c c u r a t e  c a l i b r a t i o n  
and averag ing  o f  th e  f low  r a t e .  Perhaps th e  most common e r r o r  due to  th e  
a n a ly s t  i s  improper h a n d l in g  o f  th e  f i l t e r s  caus ing  w e igh t  lo s s  o f  th e  
c o l l e c t e d  p a r t i c u l a t e .  The f i l t e r s  a r e  e q u i l i b r a t e d  a t  c o n s t a n t  humidi ty  
f o r  24 hours b e fo r e  and a f t e r  use .  A d e la y  in  w e ig h t ing  can cause  a 
weight  l o s s  on th e  f i l t e r  due to  the  l o s s  o f  v o l a t i l e  o rg an ic  m a t e r i a l .
A weight  lo s s  o f  f i v e  p e r c e n t  in  f o u r  days has been r e p o r t e d .21 The 
p r e c i s io n  and accu racy  o f  th e  chemical d e te rm in a t io n s  a s s o c i a t e d  w i th  high 
volume p a r t i c u l a t e  sampling  g e n e r a l l y  depend on th e  s k i l l  o f  th e  a n a l y s t .
Perhaps th e  most s i g n i f i c a n t  f a c t o r  a f f e c t i n g  th e  u t i l i t y  o f  high 
volume sampling d a ta  i s  sam ple r  l o c a t i o n .  Usual ly  samplers  a r e  l o c a te d  
to  be r e p r e s e n t a t i v e  o f  t h e  p a r t i c u l a t e  l e v e l s  in  a l a r g e  a rea  o f  th e  
community. Atmospheric  p a r t i c u l a t e  l e v e l s ,  however, vary  widely  due t o  
l o c a l i z e d  sou rces  and c a r e  must be e x e r c i s e d  to  s e l e c t  a r e p r e s e n t a t i v e  
l o c a t i o n .  Samplers l o c a t e d  nex t  t o  l o c a l i z e d  sou rces  such as d u s ty  pa rk ing  
l o t s ,  unpaved s t r e e t s  o r  c o n s t r u c t i o n  a c t i v i t y  can g iv e  r e s u l t s  which a re  
not r e p r e s e n t a t i v e .  The sampling l o c a t i o n s  in  th e  Missoula  V a l ley  appear  
to  be r e p r e s e n t a t i v e  o f  t h e i r  genera l  a r e a  o f  l o c a t i o n .  The sampler  on 
the  ro o f  o f  t h e  Courthouse  i s  l o c a t e d  c l o s e  t o  s e v e r a l  busy s t r e e t s ,  how­
e v e r ,  c o n s i d e r i n g  t h e  t r a f f i c  p a t t e r n s  and s t r e e t  l o c a t i o n s  th e  Values 
ob ta ined  a r e  p robab ly  r e p r e s e n t a t i v e  o f  t h e  downtown p a r t i c u l a t e  l e v e l s .
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The a i r p o r t  sampling l o c a t i o n  i s  in f lu e n c e d  by a i r p l a n e  and au tom obile  
t r a f f i c  b u t  i s  p robab ly  r e p r e s e n t a t i v e  o f  a l a r g e  p o r t i o n  o f  th e  Western 
Missoula V a l le y .  The F o r t  Missoula  l o c a t i o n  i s  in f lu e n c e d  to  some degree  
by automobile  t r a f f i c  however i t  r e f l e c t s  a g e n e r a l l y  r u r a l  l o c a t i o n .
C h a p te r  3
CLIMATIC MODIFICATION IN MISSOULA
In t h i s  c h a p t e r  we w i l l  d i s c u s s  th e  r o l e  o f  human a c t i v i t y  as an 
agent  o f  c l i m a t i c  m o d i f i c a t i o n .  The c l im a te  o f  an a re a  i s  d e f in e d  by th e  
long term s t a t i s t i c s  o f  v a r io u s  a tm ospher ic  v a r i a b l e s .  Usual ly  th e  c l i ­
mate o f  an a r e a  i s  r e p r e s e n t e d  by th e  mean va lue  and v a r i a n c e  o f  a long 
s e r i e s  o f  a tm osp he r ic  o b s e r v a t i o n s . ^2 Extremes should  a l s o  be con s id e re d  
in c l i m a t i c  d e s c r i p t i o n s . ^3 in  t h i s  c h a p te r  we w i l l  d i s c u s s  the  c l im a te  
o f  Missoula w ith  comparison to  o t h e r  l o c a l i t i e s .  We w i l l  focus on th e  
t rends  o f  v a r io u s  a tm osp he r ic  v a r i a b l e s  reco rded  a t  th e  Missoula  County 
A irp o r t  and th e  v a r io u s  f a c t o r s  which cou ld  p o s s ib l y  e f f e c t  t h e s e  t r e n d s .
All c l i m a t i c  d a ta  p r e s e n t e d  in  t h i s  c h a p te r  were o b ta in e d  from pub l ished  
records  and workshee ts  o f  th e  Uni ted  S t a t e s  Department o f  Commerce,
Weather Bureau,  l o c a t e d  a t  Johnson Bell  F i e l d ,  th e  Missoula  County A ir p o r t .24  
M issou la ,  Montana i s  l o c a t e d  in  a mountain v a l l e y  about  60 to  
80 miles  west  o f  th e  C o n t in e n ta l  D iv ide .  The B i t t e r r o o t  m ounta ins ,  about  
20 m iles  t o  th e  so u th w e s t  e x e r t  a major  c l i m a t i c  i n f lu e n c e  on th e  v a l l e y .
The Missoula County A i r p o r t  mean annual  t e m p era tu re  o f  43.2°F and annual 
p r e c i p i t a t i o n  of 12 .8  in ch es  a r e  i n d i c a t i v e  o f  a dry  c l im a te .  P r e c ip ­
i t a t i o n  i s  h i g h e s t  in  t h e  s p r i n g  w i th  abou t  30 p e r c e n t  o f  t h e  annual 
t o t a l  occurr ing  in May and June .  P r e c i p i t a t i o n  i s  q u i t e  evenly  d i s t r i ­
buted through th e  o t h e r  months w i th  August u s u a l ly  be ing  th e  d r i e s t .  
Approximately 50 in ch es  o f  snow i s  r e c o rd ed  each y e a r  The C o n t inen ta l
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Divide s h e l t e r s  M issou la  from much o f  t h e - C o n t i n e n t a l  w i n t e r  w ea the r  
Subzero te m p e ra tu re s  can occu r  anytime from November t o  March however 
Missoula averages  o n ly  t e n  subzero  days p e r  y e a r  The growing season  
averages 130 days p e r  y e a r  w i th  an average  o f  23 days p e r  y e a r  w ith  
tem pera tures  g r e a t e r  th an  SQOp
The f i r s t  m e te o r o lo g ic a l  v a r i a b l e  we w i l l  d i s c u s s  in  t h i s  c h a p te r  
i s  tem p era tu re .  Tem pera ture  i s  a measure o f  th e  deg ree  o f  h o tn ess  o r  
coldness  o f  a body. Tempera ture  i s  measured w ith  a thermometer  which 
r e l a t e s  changes in  h o tn e s s  o r  co ld n e ss  t o  a change in  some ph ys ica l  
p roper ty  o f  th e  th e rm o m e te r .25 Atmospheric  t em p era tu re  has been reco rded  
s in ce  th e  s i x t e e n t h  c e n t u r y .  Numerous European s t a t i o n s  have tem p era tu re  
records 200 t o  300 y e a r s  in  l e n g t h .  On a g loba l  s c a l e  tem p era tu re  has 
a major i n f lu e n c e  on human a c t i v i t i e s .  Temperature  i s  one o f  t h e  major 
de te rmining  f a c t o r s  in  human h a b i t a t i o n .  The Mean Global t em pera tu re  
and i t s  f l u c t u a t i o n  has th u s  been o f  i n t e r e s t  to  s c i e n t i s t s  f o r  a number 
of y e a r s .  J .  Murray M i tc h e l l  has r e p o r t e d  t h a t  th e  world mean tem p era tu re  
inc reased  about  0 . 7 °  F d u r in g  th e  p e r io d  from 1880 t o  1940. S ince  1940 
Mitchell  r e p o r t s  a drop o f  abou t  0 .2°F -25  Numerous t h e o r i e s  have been 
proposed to  account  f o r  t h i s  t e m p e ra tu re  f l u c t u a t i o n .  One o f  th e  most 
i n t r i g u i n g  t h e o r i e s  proposed  to  accoun t  f o r  th e  r i s e  in  t e m p era tu re  i s  
the  "greenhouse e f f e c t "  In o r d e r  t o  und e rs tan d  th e  "greenhouse  e f f e c t "  
we must c o n s id e r  t h e  E ar th  - Atmosphere sys tem. The a tmosphere o f  th e  
Earth i s  e s s e n t i a l l y  t r a n s p a r e n t  to  incoming v i s i b l e  s o l a r  r a d i a t i o n .
The Earth absorbs  p a r t  o f  t h i s  incoming s o l a r  r a d i a t i o n  which i s  then  
r e r a d i a t e d  a t  a d i f f e r e n t  w ave leng th .  The r a d i a t i o n  e m i t te d  from th e  
Earth i s  g e n e r a l l y  in  t h e  i n f r a r e d  r e g io n  o f  t h e  spec t rum .  The atmosphere"
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i s  no t  t r a n s p a r e n t  t o  i n f r a r e d  r a d i a t i o n .  Dust ,  w a te r  vapor and carbon 
d iox ide  absorb  i n f r a r e d  r a d i a t i o n .  These c o n s t i t u e n t s  then  r e r a d i a t e  
some o f  t h i s  energy  back toward th e  Ear th  l e a d in g  t o  an i n c r e a s e  in  th e
Earths  energy  b u d g e t ,  hence t h e  t e m p e ra tu re  o f  th e  Earth-Atmosphere
system i s  a f f e c t e d  by t h e  c o n c e n t r a t i o n  o f  carbon d i o x i d e ,  d u s t ,  and 
water  vapor i n  t h e  a tm osphere .  While th e  c o n c e n t r a t i o n  o f  w a te r  vapor 
i s  assumed to  have remained e s s e n t i a l l y  c o n s t a n t  ove r  t im e ,  t h e  a tm ospher ic  
c o n c e n t r a t io n s  o f  d u s t  and carbon d io x id e  a re  known t o  have in c r e a s e d  in  
the  p a s t  100 y e a r s .  This  i n c r e a s e  in  carbon d io x id e  c o n c e n t r a t i o n ,  which
has been r e l a t e d  t o  an i n c r e a s e  in  t h e  combustion o f  f o s s i l  f u e l s ,
p a r a l l e l s  th e  g lo ba l  i n c r e a s e  i n  t e m p e ra tu re .  Atmospheric  carbon d io x id e  
l e v e l s  a re  f o r e c a s t e d  t o  keep i n c r e a s i n g ,  a t  l e a s t  u n t i l  th e  y e a r  2000. 
Another f a c t o r  which has been th e o r i z e d  to  be r e s p o n s i b l e  f o r  th e  g loba l  
in c re ase  in  t e m p e ra tu re  i s  s o l a r  o u tp u t .  An i n c r e a s e  in  s o l a r  o u tp u t  
would mean an i n c r e a s e  in  r a d i a n t  energy  reach in g  th e  E ar th  and hence an 
in c r e a s e  in  t e m p e r a tu re .  S o l a r  o u tp u t  may perhaps be r e l a t e d  to  su n sp o t  
a c t i v i t y . T h e  i n c r e a s e  in  su n sp o t  a c t i v i t y  s i n c e  1880 c o r r e l a t e s  w ith  
the  i n c r e a s e  in  t h e  mean g lo b a l  t e m p e ra tu re .
N e i th e r  su n s p o ts  o r  th e  "greenhouse  e f f e c t "  can be used t o  e x p la in  
the  downturn in  t h e  g lo b a l  mean annual tem p era tu re  s i n c e  1940. Reid 
Bryson su g g e s t s  t h a t  t h i s  d e c re a se  i n  t em p e ra tu re  may be due t o  a tm o sph e r ic  
p a r t i c u l a t e  m a t t e r . 28 The i n f l u e n c e  o f  suspended p a r t i c u l a t e  on c l im a te  
was f i r s t  r ecog n ized  in  r e l a t i o n  t o  v o l c a n ic  e r u p t i o n s . ^9 The e r u p t i o n  
of  Krakatoa in  1883 produced an enormous p a r t i c u l a t e  load which remained 
a i rb o rn e  up to  f i v e  y e a r s .  Summers in  th e  Northern  Hemisphere were
n o t i c a b ly  c o o le r  a f t e r  t h e  e r u p t i o n .  Some a t t e n u a t i o n  o f  th e  incoming
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s o l a r  r a d i a t i o n  was a l s o  measured.
The f o l lo w in g  mechanism has been proposed to  accoun t  f o r  th e  r o l e  
o f  a tm ospher ic  p a r t i c u l a t e  m a t t e r  in  g loba l  c o o l in g .  Airborne  p a r t i c u l a t e  
w i l l  s c a t t e r  and absorb  both th e  incoming s o l a r  r a d i a t i o n  and th e  energy 
r e r a d i a t e d  from t h e  E a r th .  I f  t h e  b a c k s c a t t e r i n g  o f  th e  incoming v i s i b l e  
s o l a r  r a d i a t i o n  i s  g r e a t e r  than  t h e  a b s o r p t io n  o f  r e r a d i a t e d  i n f r a r e d  
r a d i a t i o n  from th e  E ar th  by d u s t ,  carbon d i o x i d e ,  and w a te r  vapor  th e  
mean g loba l  t em p era tu re  could  d e c r e a s e .30 The r a t i o  o f  a b s o r p t io n  t o  
s c a t t e r i n g  de te rm ines  t h e  s ig n  o f  t h e  change in  th e  p l a n e t a r y  a lbedo .  
Through th e  above p ro c e ss  t h e  t h e  a lbedo  o f  th e  Earth  would i n c r e a s e .
The E a r t h ' s  a lbedo  i s  s imply  i t s  normal r e f l e c t i v i t y .  Recen tly  Rasool 
and Schne ide r  c a l c u l a t e d  t h a t  by i n c r e a s in g  the  amount o f  d u s t  in  t h e  
atmosphere by a f a c t o r  o f  f o u r  t h e  E a r t h ' s  a lbedo could i n c r e a s e  from
Op
i t s  p r e s e n t  va lue  o f  31 p e r c e n t  t o  33 p e r c e n t .  This i n c r e a s e  in  a lbedo 
could lead t o  a d e c r e a s e  in  th e  E a r t h ' s  mean s u r f a c e  tem p era tu re  o f  3.5® 
Cen t ig rade .  M.I. Budyko has c a l c u l a t e d  t h a t  a t e m p e ra tu re  drop o f  t h i s  
magnitude would be s u f f i c i e n t  to  s e t  o f f  a nsw i c e  a g e . 33 The q u e s t io n  
now remains:  How long would i t  t a k e  f o r  th e  f o u r  fo ld  i n c r e a s e  in
atmospheric  p a r t i c u l a t e  to  occu r?  Some p r e l im in a r y  c a l c u l a t i o n s  p r o j e c t  
t h a t  t h i s  i n c r e a s e  could occur  w i t h in  50 y e a r s .  This  i s  an a r e a  where 
continued m on i to r in g  and t h e o r e t i c a l  c a l c u l a t i o n s  a r e  c l e a r l y  n e c e s s a r y .
I f  th e  above t h e o r i e s  a r e  a pprox im ate ly  a c c u r a t e  th e  p o s s i b i l i t y  o f  l a r g e  
s c a l e  c l i m a t i c  m o d i f i c a t i o n  by p a r t i c u l a t e  a i r  p o l l u t i o n  i s  h ig h .
Both the  "g reenhouse  e f f e c t "  and p a r t i c u l a t e  co o l in g  t h e o r i e s  a re  
based on th e  assumption t h a t  human a c t i v i t i e s  a re  r e s p o n s i b l e  f o r  th e  
f l u c t u a t i o n s  in  t h e  mean g loba l  t e m p e r a tu re .  The s i t u a t i o n  i s  somewhat
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com pl ica ted ,  however, because  c l i m a t i c  f l u c t u a t i o n s  have obv iou s ly  
occurred  n a t u r a l l y .  The f a c t  t h a t  d u r in g  more than  90 p e rc e n t  o f  th e  
geo log ic  p a s t  s i n c e  t h e  Cambrian both p o l a r  r e g io n s  must have been i c e  
f r e e  i s  a s t a r t l i n g  example o f  n a t u r a l  c l i m a t i c  f l u c t u a t i o n . 34 During 
the  l a s t  g l a c i a l  maximum, ap p rox im a te ly  18,000 to  29,000 y e a r s  ago ,  t h e r e  
was a g enera l  drop in  t h e  mean g lo ba l  t e m p e ra tu re  o f  5° to  6° C e n t ig rad e .  
Figure 3 .1  shows c l i m a t i c  c o n d i t i o n s  ove r  Grea t  B r i t a i n  a t  v a r io u s  t imes 
in th e  p a s t . 35 Measureable  c l i m a t i c  f l u c t u a t i o n s  were o c cu r r in g  long 
be fore  human a c t i v i t i e s  cou ld  have had a major  i n f l u e n c e .  The c l i m a t i c  
f l u c t u a t i o n s  o f  th e  p a s t  100 y e a r s  may o r  may n o t  be n a tu r a l  The t a s k
t h a t  a tm ospher ic  s c i e n t i s t s  a r e  faced  w ith  i s  s o r t i n g  p o s s ib l e  i n a d v e r t e n t  
human c l i m a t i c  m o d i f i c a t i o n  from t h e  background "no ise"  o f  n a tu ra l  
c l im a t i c  v a r i a t i o n .
While g lo b a l  c l i m a t i c  f l u c t u a t i o n s  over  long p e r io d s  o f  t ime would 
c e r t a i n l y  e f f e c t  t h e  mean annual t em p era tu re  in  Missoula  Val ley  we a re  
e s p e c i a l l y  i n t e r e s t e d  in  s h o r t  term f l u c t u a t i o n s  which can p o s s ib ly  be 
a t t r i b u t e d  t o  human a c t i v i t i e s .  One o f  th e  most i n t e r e s t i n g  tem p era tu re  
e f f e c t s  which has been a t t r i b u t e d  t o  human a c t i v i t i e s  i s  th e  u r b a n - r u r a l  
t em pera tu re  d i f f e r e n c e .  The c e n t e r  o f  th e  c i t y  i s  warmer than  th e  o u t -
qc
s k i r t s .  This  phenomena has been documented f o r  a t  l e a s t  100 y e a r s .
S tud ies  in  Washington D.C. and London have shown t h a t  th e  mean annual 
minimum te m p e ra tu re  o f  a l a r g e  c i t y  may be as much as 4°F h ig h e r  than  i t s  
surroundings  w i th  even more pronounced e f f e c t s  p o s s i b l e  in  the  summer 
and autumn.37 Daytime d i f f e r e n c e s  have a l s o  been n o t e d ,  however, they  
tend to  be obscured  by o t h e r  f a c t o r s  such as topography .  The mean annual 
average t e m p e ra tu re s  o f  l a r g e  c i t i e s  tend  to  be about  1°C h ig h e r  than
Dates
(approx .)
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Mean Temperatures  (C°) 
Sumner W inter  
( J u l y -  (D e c . -  
Aug.) Feb .)  Annual
Epoch
Annual
Rain­
f a l l
(mm)
Annual
Evapora­
t i o n
(mm)
1901- 
1950 A.D. Recent  15 .8 4 .2 9 .4 932 497
1550- 
1700 A.D. L i t t l e  I c e  Age 15.3 3 .2 8 .8 867 467
1150- 
1300 A.D. L i t t l e  Optimum 16.3 4 .2 10.2 960 517
900- 
450 B.C. Subat l  a n t i c  15.1 4 .7 9 .3 960-979 482
Source: A f t e r  Lamb, 1966.
Figure  3 .1
Average C l im a t ic  C on d i t io ns  over  England and Wales (from I n a d v e r t e n t  
Climate M o d i f ica t io n  SMIC, M assachuse t t s  I n s t i t u t e  o f  Technology, 1971)
t h e i r  su r ro u n d in g s .  The c i t y  " h e a t  i s l a n d "  e f f e c t  i s  pronounced in  l a r g e  
c i t i e s ,  however, t h e  e f f e c t  i s  by no means l i n e a r  w i th  c i t y  s i z e .  "Heat 
i s l an d s"  have been no ted  in  Palo A l t o ,  C a l i f o r n i a  ( p o p u la t io n  33,000) and 
C o r v a l l i s ,  Oregon ( p o p u l a t i o n  21 ,0 00 ) .
Severa l  p ro ce sse s  may be invo lved  in  t h e  fo rm a t io n  o f  urban 
"heat  i s l a n d s "  During th e  summer the  b u i l d i n g s ,  c o n c r e t e ,  and pavement 
o f  urban a re a s  absorb  more incoming s o l a r  r a d i a t i o n  than  do th e  v e g e t a t i o n  
and s o i l  c h a r a c t e r i s t i c  o f  r u r a l  l o c a t i o n s .  Also in  urban a re a s  much 
le s s  o f  th e  absorbed energy  i s  used in  e v a p o r a t io n  s i n c e  th e  p r e c i p i t a t i o n  
run o f f  from s t r e e t s  and b u i l d i n g s  i s  c o n s i d e r a b l e .  The man made energy 
budget o f  c i t i e s  i s  a l s o  c o n s i d e r a b l e .  During th e  w i n t e r  in  t h e  m i d l a t i ­
tudes th e  sun ang le  i s  low hence th e  s o l a r  in p u t  i s  low and human energy 
production may equal one t h i r d  o f  more o f  t h e  t o t a l  s o l a r  imput. This
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excess energy  i s  o b v io u s ly  n o t  p r e s e n t  in  r u r a l  l o c a t i o n s .  The "b lan k e t"  
o f  w a te r  v ap p r ,  carbon d i o x i d e ,  and p a r t i c u l a t e  from human a c t i v i t i e s  
whith g e n e r a l l y  covers  urban a re a s  a l s o  absorb  energy .  The "greenhouse 
e f f e c t "  may indeed have a s i g n i f i c a n t  e f f e c t  in l o c a l i z e d  urban a r e a s .
The r u r a l - u r b a n  te m p e ra tu re  d i f f e r e n c e  may be e v id e n t  in  the  
Missoula V a l ley .  The s t r a i g h t  l i n e  in  f i g u r e  3 .2  shows th e  mean annual 
tem pera tures  r eco rd ed  a t  t h e  Missoula  County A i r p o r t  s i n c e  1943. The 
Missoula County A i r p o r t  ( Joh n son -B e l l  F i e ld )  i s  l o c a te d  approx im ate ly  
6.5 miles  WNW o f  t h e  Po s t  O f f i c e  in downtown M issou la .  The in s t ru m e n t  
e le v a t io n  a t  th e  a i r p o r t  i s  c u r r e n t l y  3190 f e e t .  The dashed l i n e  in 
f ig u re  3 .2  r e p r e s e n t s  t h e  mean annual tem p era tu re s  f o r  th e  s t a t i o n  Missoula 
2WNW. This s t a t i o n  was lo c a t e d  two m ile s  wes t  o f  t h e  Po s t  O f f i c e  b u i ld in g  
downtown, a t  th e  American C ry s ta l  Sugar R e f in e ry .  This  s t a t i o n  was in 
ex is te n ce  from 1931 to  1966. The s t a t i o n  had an in s t ru m e n t  e l e v a t i o n  o f  
3172 f e e t  and i s  on a g e n e ra l  l i n e  between th e  a i r p o r t  and the  c i t y  c e n t e r  
Post O f f ic e .  While Missoula  2WNW canno t  be c o n s id e re d  an urban s i t e ,  i t  
i s  c e r t a i n l y  more in f lu e n c e d  by urban c o n d i t i o n s  than  th e  a i r p o r t  s i t e .
The annual d i f f e r e n c e s  in  t e m p e ra tu re  between th e  a i r p o r t  and Missoula  
2WNW s i t e s  a re  shown in  f i g u r e  3 .3 .  We shou ld  no te  t h a t  th e  Missoula 
2WNW s t a t i o n  has a h i g h e r  mean annaul t em p e ra tu re  than  th e  a i r p o r t  f o r  
every y e a r  s i n c e  1941 as we would e x p e c t  c o n s id e r in g  t h e  "h e a t  i s l a n d "  
e f f e c t .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  f i g u r e  3 .3  d i s p l a y s  a t r e n d  o f  
in c r e a s in g  d i f f e r e n c e  in  t e m p e ra tu re  between Missoula  2WNW and th e  a i r p o r t  
s t a t i o n .  This t r e n d  p a r a l l e l s  th e  p o p u la t io n  i n c r e a s e  in th e  c i t y  of  
Missoula and p ro bab ly  r e p r e s e n t s  an i n c r e a s in g  " h e a t  i s l a n d "  e f f e c t .
Figure 3 .4  shows t h e  av erage  monthly t e m p e ra tu re s  f o r  Missoula 2WNW and
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Figure 3.3
Annual Difference In Temperature a t  Missoula 2WNW and Missoula County Airport  S t a t i o n s ,  1940 - 1965,
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MISSOULA 2WNW MISSOULA COUNTY AIRPORT
Jan.
Feb.
Mar.
Apr.
May
June
Ju ly
Aug.
Sept.
Oct.
Nov.
Dec.
Annual
Mean Max. Min. Month Mean Max. Min.
23.5 32.5 14.5 Jan . 22 .3 30 .4 14.1
28.2 37.6 18.7 Feb. 27.1 36.0 18.2
34.8 45.9 23 .5 Mar. 33.0 4 3 .2 22 .8
45.6 59.4 31.7 Apr. 43.9 56.2 31.4
54.3 69.0 39.5 May 52.6 65.7 39.3
60.1 75.2 45 .0 June 58.8 72 .5 45.0
67.7 86 .5 48 .9 J u l y 67 .2 84.7 49.7
65.4 83.9 4 6 .8 Aug. 6 4 .6 81.1 48.1
57.4 74.7 40.1 S e p t . 56.6 72.0 41.1
45.6 59.5 31.7 Oct. 4 4 .8 57.4 32.2
32.7 42 .5 22.9 Nov. 31.6 4 0 .4 22 .8
27.2 35.6 18.8 Dec. 26 .0 33.5 18.4
45.2 58.5 3 1 .8 Annual 44 .0 56.1 31.9
A  2WNW -  AIRPORT
Month Mean Max. Min.
Jan. 1.2 2 .1 0 . 4
Feb. 1.1 1.6 0 .5
Mar 1.8 2 .7 0 .7
Apr. 1.7 3 .2 0 .3
May 1.7 3 .3 0 .6
June 1.3 2 .7 0 .0
July 0 .5 1 .8 - 0 . 8
Aug. 0 .8 2 .8 - 1 . 3
Sept. 0 .8 2 .7  ^ - 1 .0
Oct. 0 .8 2 .1 - 0 . 5
Nov. 1.1 2 .1 0 .1
Dec. 1.2 2 .1 0 .4
Annual 1.2 2 .4 - 0 .1
Figure 3 .4
Average Monthly and Annual Mean, Minimum, and Maximum Temperatures 
Missoula A i r p o r t  and M issoula  2WNW S t a t i o n s ,  1951-1960
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the  a i r p o r t  s t a t i o n s  f o r  t h e  p e r io d  1951-1960. The average  monthly 
minimums and maximums f o r  t h i s  p e r io d  i s  a l s o  shown in  t h i s  f i g u r e .
One can see  from f i g u r e  3 .4  t h a t  th e  g r e a t e s t  d i f f e r e n c e  in  th e  monthly 
means between th e  two s t a t i o n s  occurs  in  th e  w in te r -  An examinat ion  
o f  the  average monthly minimums and maximums r e v e a l s  th e  cause  o f  t h i s  
s i t u a t i o n .  The average  annual  maximum te m p era tu re  a t  Missoula  2WNW i s  
2.4°F h ig h e r  than th e  a i r p o r t  and no seasona l  t r e n d  i s  v i s i b l e  in  th e  
monthly averages .  The average  annual minimum tem p era tu re  a t  Missoula  
2WNW, how ever ," is  0 .1 ° F  lower than  th e  a i r p o r t  average  and i t  i s  d i s t i n c t l y  
lower in  the  summer. L i t e r a t u r e  r e f e r e n c e s  g e n e r a l l y  d e s c r i b e  a maximum 
"heat  i s l a n d "  e f f e c t  n o t i c a b l e  in  t h e  average  minimum te m p e r a tu re s .  The 
s i t u a t i o n  in  Missoula  i s  c e r t a i n l y  anomolous and may p o s s ib ly  be e x p la in ed  
by topographic  f a c t o r s .
The " h e a t  i s l a n d "  e f f e c t  i s  a l s o  n o t i c a b l e  in  w eather  r eco rd s  
from downtown M issou la .  A w ea the r  s t a t i o n  was m a in ta in ed  a t  t h e  Montana 
Building a t  th e  c o rn e r  o f  Higgins and Broadway from 1935 to  1944. During 
the per iod  from 1940 t o  1944 re c o rd s  a re  a v a i l a b l e  from a l l  t h r e e  s t a t i o n  
lo c a t io n s .  During t h i s  f i v e  y e a r  p e r io d  th e  c i t y  c e n t e r  averaged 0 .8 °F  
warmer than Missoula  2WNW and 1 .5°F warmer than  th e  a i r p o r t  s t a t i o n  6 .5  
miles WNW of  th e  P o s t  O f f i c e .
The v e r t i c a l  t e m p e r a tu re  p r o f i l e  f o r  Missoula  i s  a l s o  o f  i n t e r e s t .  
The Missoula Val ley  has been no ted  f o r  i t s  f r e q u e n t  t e m p e ra tu re  i n v e r s i o n s .  
Temperature i n v e r s io n  i s  a s i t u a t i o n  where t e m p e ra tu re  i n c r e a s e s  with  
e le v a t io n .  The ev i ronm en ta l  l a p s e  r a t e ,  o r  r a t e  o f  t e m p era tu re  change 
with e l e v a t i o n  o f  f r e e  a i r ,  i s  im p o r ta n t  in d e te rm in ing  th e  s t a b i l i t y  o f  
the  atmosphere. An env ironm en ta l  l ap se  r a t e  o f  l e s s  than  5 .5°F  d e c re a se
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p e r  1000 f e e t  e l e v a t i o n  i n d i c a t e s  a s t a b l e  a tmosphere where a p a rc e l  o f  
a i r  d i s p l a c e d  v e r t i c a l l y  ten ds  t o  r e t u r n  t o  i t s  o r i g i n a l  p o s i t i o n .  Hence, 
under c o n d i t i o n s  o f  t e m p e r a tu re  i n v e r s io n  th e  atmosphere  i s  ex trem ely  ' 
s t a b l e .  Under c o n d i t i o n s  o f  t e m p e r a tu re  i n v e r s i o n ,  con taminants  and smoke 
a re  t r a p p e d  by th e  s t a b l e  a tmosphere  and s e r i o u s  a i r  p o l l u t i o n  ep iso des  
can r e s u l t .  I t  i s  i n t e r e s t i n g  to  no te  t h a t  because  o f  th e  "h e a t  i s l a n d "  
e f f e c t ,  t em p e ra tu re  i n v e r s i o n s  a r e  g e n e r a l l y  l e s s  s t r o n g  over t h e  c i t y  
than th e  su r ro u nd in g  c o u n t r y s i d e . 40 However, urban r e s i d e n t s  a re  u s u a l l y  
not  conso led  by t h i s  f a c t  s i n c e  p o l l u t e r s  a re  g e n e r a l l y  c o n c e n t r a te d  in  
the  c i t y .
Temperature i n v e r s i o n  can occur  through se v e ra l  d i f f e r e n t  mechanisms. 
A common mechanism f o r  t e m p e r a tu re  i n v e r s io n  i s  r a d i a t i v e  c o o l in g .
R ad ia t iv e  coo l ing  o c cu rs  on c l e a r ,  s t i l l  n i g h t s .  The r a d i a t i v e  h e a t  l o s s
o f  the  s u r f a c e  o f  t h e  E a r th  causes  c o n d u c t iv e  coo l ing  o f  th e  lower l a y e r s
of  the  atmosphere form ing a b l a n k e t  o f  warm a i r  ove r  t h e  cool a i r  c lo s e
to  the  s u r f a c e .  I n v e r s i o n s  o f  t h i s  n a tu r e  a r e  g e n e r a l l y  loca l  in  c h a r a c ­
t e r  and a re  most r a p i d l y  developed  over  snow s u r f a c e s .  Mountain v a l l e y s  
such as t h e  Missoula  V a l le y  a r e  o f t e n  s u b j e c t  to  i n v e r s io n  s i n c e  th e  
dense,  co ld  a i r  from h i l l t o p s  and s lo p e s  tends  to  d ra in  down i n t o  the  
v a l l e y  as i t  i s  formed b ecause  o f  i t s  d e n s i t y .  This  c o ld  a i r  c o l l e c t s  
in  th e  v a l l e y  bottoms c r e a t i n g  an i n v e r t e d  l ap se  r a t e .  E ar ly  s p r in g  and 
f a l l  f r o s t s  a r e  o f t e n  found in  t h e s e  v a l l e y s  because  o f  th e  i n v e r s io n  
c o n d i t i o n s .  I n v e r s io n s  c o v e r in g  l a r g e  a re a s  a re  u s u s l l y  a s s o c i a t e d  w ith  
f r o n t a l  sys tem s.  When two a i r  masses o f  d i f f e r e n t  t e m p e ra tu re  come t o ­
g e th e r  th e  c o ld e r  a i r ,  be ing  more d e n se ,  tends  to  move undernea th  th e  
warm a i r  and r e p l a c e  i t  c r e a t i n g  an i n v e r t e d  lap se  r a t e .  Temperature
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in v e r s io n s  may a l s o  be c r e a t e d  by th e  a d v ec t io n  o f  warm a i r  ove r  a cool 
s u r f a c e ,  o r  by t h e  g e n e ra l  su b s id e n c e  o f  a l a r g e  mass o f  a i r  In a sub­
sidence  in v e r s io n  t h e  a i r  i s  d ynam ica l ly  hea ted  more in  t h e  upper  p o r t io n  
than a t  i t s  b a s e .23 Subs idence  i n v e r s io n s  a re  g e n e r a l l y  a s s o c i a t e d  w i th  
la rg e  high p r e s s u r e  sys tem s .
In v e r s io n  c o n d i t i o n s  in  t h e  M issoula  Val ley  a re  reco rded  by th e  
United S t a t e s  Weather Bureau a t  Johnson-B el l  F i e l d .  The number o f  days 
per month w i th  an i n v e r s i o n  r e c o rd ed  sometime du r ing  th e  day a r e  shown 
in f i g u r e  3 .5  f o r  t h e  p e r io d  1961-1971. This  in fo rm a t io n  i s  o b ta in e d  
from u n o f f i c i a l  Weather Bureau w o r k s h e e t s ,  an example o f  which i s  shown 
in f i g u r e  3 .6 .  The i n v e r s i o n  d u r a t i o n  in fo rm a t io n  i s  r e p o r t e d  from 
v isua l  o b s e r v a t i o n s .  As can be seen  from f i g u r e  3 .6  f i v e  i n v e r s io n
dura t ion  c r i t e r i a  a r e  used to  r e c o r d  t h e  i n v e r s io n  d u r a t i o n  in fo rm a t io n .
An in v e r s io n  index may be c a l c u a l t e d  from t h i s  d a t a .  The in v e r s io n  
dura t ion  in fo rm a t io n  i s  g iven  t h e  fo l lo w in g  numerica l  r a t i n g :
0 = 0 A = 2 E = 4
N = 1 P = 3
The second day o f  two c o n s e c u t iv e  E ' s  i s  g iven  a v a lu e  o f  e i g h t ,  t h e  t h i r d  
day of  t h r e e  c o n s e c u t iv e  E 's  has a v a lu e  o f  tw e lv e ,  and th e  f o u r t h  day 
of four  c o n se c u t iv e  E ' s  has a v a lu e  o f  s i x t e e n .  Hence each day has an 
invers ion  index r a t i n g  from which monthly and annual averages  may be d e t e r ­
mined. F igure  3 .7  shows th e  monthly i n v e r s io n  index f o r  th e  p e r io d  1965 
to  1971. F igu re  3 .8  shows t h e  annual  i n v e r s io n  index  f o r  th e  same t im e 
period. The w ea the r  bureau  w o rk sh ee ts  a l s o  c o n ta in  th e  1200 PM te m p e ra tu re s  
a t  the a i r p o r t  and TV Mountain a long  w ith  th e  d i f f e r e n c e  between the  two 
s t a t i o n s  a t  1200 PM.
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Figure 3.5
Number of  Days per Month with Inversion a t  the  Missoula County A irpo r t ,  1961 - 1971.
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Figure 3.6
Example o f  Missoula A ir  P o l l u t i o n  Suimiary Shee t  (from U.S. Weather Bureau, 
Missoula County A i r p o r t )
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Monthly In v e r s io n  Index a t  th e  Missoula  County A i r p o r t ,  J a n .  1965 - Dec. 1971,
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Figure 3.8
Annual Inversion Index a t  the Missoula County A irpor t ,  1965 - 1971.
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The TV Mountain s t a t i o n  i s  app rox im ate ly  e i g h t  m i le s  n o r t h e a s t  o f  
the  a i r p o r t  a t  an e l e v a t i o n  o f  6817 f e e t .  The d i f f e r e n c e  in  t em p era tu re  
between th e  a i r p o r t  and TV Mountain g iv es  an i n d i c a t i o n  o f  th e  s t r e n g t h  
o f  i n v e r s io n  p r e s e n t  in  t h e  v a l l e y  a t  1200 PM. The average  r a t e  of  
tem pera tu re  d e c re a se  w i th  e l e v a t i o n  a t  45° N l a t i t u d e  i s  3 .5°F  pe r  1000 
f e e t  o f  e l e v a t i o n  hence th e  average  d i f f e r e n c e  in  tem p era tu re  between 
TV Mountain and th e  a i r p o r t  should  be 12.6°F a t em p era tu re  d i f f e r e n c e  
of l e s s  than  12.6°F i n d i c a t e s  i n v e r s io n  c o n d i t i o n s .  F igu re  3 .9  shows a 
p l o t  o f  th e  average  monthly  d i f f e r e n c e  in  t em p era tu re  between TV Mountain 
and th e  a i r p o r t  v e rsu s  t h e  average  monthly in v e r s io n  index f o r  th e  p e r iod  
September 1969 to  December 1971. The r e l a t i o n  between th e  in v e r s io n  index 
and th e  d i f f e r e n c e  in  t e m p e ra tu re  appear  t o  be n e a r ly  l i n e a r  Hence the  
in ve rs io n  index seems t o  be a u se fu l  measure of  th e  a c tu a l  i n v e r s io n  con­
d i t i o n s  p r e s e n t  in  t h e  Missoula  V a l le y .
Severa l  m e te o r o lo g ic a l  f a c t o r s  e f f e c t  th e  fo rm a t io n  of  t em p era tu re  
i n v e r s io n s .  Perhaps t h e  most  s i g n i f i c a n t  v a r i a b l e  i s  wind speed .  Atmos­
pheric  tu r b u le n c e  i s  p robab ly  t h e  major  f a c t o r  c o n t r o l l i n g  th e  fo rm at ion  
and p e r s i s t e n c e  o f  a tm ospher ic ,  t e m p e ra tu re  i n v e r s i o n s .  Wind d i s t r i b u t e s  
the  a i r  masses under  i n v e r s i o n  c o n d i t i o n s  and thus  d i s t r i b u t e s  t h e  co o l in g  
e f f e c t  through a l a r g e r  v e r t i c a l  d i s t r i b u t i o n .  F igure  3.10 i s  a p l o t  o f  
the  average  monthly wind speed  rec o rd ed  a t  t h e  Missoula  County A i r p o r t  
versus th e  monthly a v e rag e  i n v e r s i o n  index f o r  th e  p e r io d  September 1969 
t b  December 1971. A s t r o n g  c o r r e l a t i o n  i s  o b v io u s ly  p r e s e n t  between wind 
speed and th e  monthly ave rage  in v e r s io n  index .  F igu re  3.11 shows th e  
percen tage  f requ en cy  o f  wind o b s e r v a t io n s  below seven m ile s  an hour f o r  
various  l o c a t i o n s  in  Montana.^2 The 7 mph wind speed  i s  somewhat a r b i t r a r y ,
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Figure 3.9
Monthly Inversion Index Versus Monthly Average Difference in Temperature, T.V. Mountain - Missoula 
County Airpor t  1200 M — Sep. 1969 - Dec. 1971.
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Figure 3.10
Monthly Inversion Index Versus Monthly Average Wind Speed a t  the  Missoula County A irpor t ,  
Sep. 1969 - Dec. 1971.
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PERCENT FREQUENCY OF NIGHTTIME SURFACE WIND 7 mph OR LESS
W inter* Spri  ng Summer Fa l l
B i l l i n g s 27 35 38 35
Great  F a l l s 18 26 32 27
Helena 69 63 67 69
Missoula 81 68 76 86
♦Winter ,  J a n . - M a r . ;  S p r i n g ,  A p r . - J u n e ;  Summer, J u l y - S e p t . ; 
F a l l ,  O c t . - D e c . ;  i n c l .  From MWR, Vol. 89,  No. 9 ,  pp. 333, 
335, and 336, C har le s  R. H os ie r
PERCENTAGE FREQUENCY OF ^  WIND OBSERVATIONS WITH SPEEDS 7 mph OR LESS
W inter Spr ing Summer Fa l l Year
B i l l i n g s  A i r p o r t 25 31 36 29 31
Butte  A i rp o r t 64 48 58 64 58
Gt. F a l l s  A i r p o r t 22 25 36 22 26
Helena A i rp o r t 63 51 63 70 62
Missoula A i r p o r t 73 62 70 83 72
AVERAGE ANNUAL WIND SPEEDS ALL SOURCES (mph)
B i l l i n g s  A i rp o r t  
But te  A i rp o r t  
Gt. F a l l s  A i r p o r t  
Havre (City*) 
Helena(City)
11 .3 Helena A i r p o r t 7.9
7 . 8 Kali s p e l l  (C i ty ) 5.9
14 .4 Kali s p e l l  A i r p o r t 7 .6
8 . 2 Miles C i ty  (C i ty ) 10.1
7 .9 Missoula  A i r p o r t 5.9
♦Anemometer ex po su re  somewhat s h e l t e r e d .
Figure  3.11
Montana P o t e n t i a l  I n v e r s io n  C on d i t ion s  (from A Study o f  A ir  P o l l u t i o n  in 
Montana, S t a t e  Department  o f  H e a l t h ,  J u l y  1961 -  J u ly  1962].
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however, i t  i s  assumed t h a t  wind speeds g r e a t e r  than  7 mph w i l l  p r e v e n t  
s t rong  in v e r s io n s  from o c c u r r i n g .  We can s e e  from f i g u r e  3.11 t h a t  
Missoula has a ve ry  h igh  i n v e r s io n  p o t e n t i a l  based on wind speed.
F igu re  3 .8  shows t h a t  th e  annual  in v e r s io n  index  f o r  Missoula has 
dropped c o n s id e r a b ly  in  1970 and 1971. A c o rre spond ing  r i s e  in  t h e  annual 
average wind speed has a l s o  been n o ted .  Annual average  p a r t i c u l a t e  l e v e l s  
in Missoula have a l s o  dropped n o t i c a b l y  du r ing  t h i s  t ime p e r io d .  I t  i s  
c e r t a i n l y  c o n c e iv a b le  t h a t  much o f  th e  d e c re a se  in  p a r t i c u l a t e  l e v e l s  
no t iced  in  Missoula  i s  due t o  t h e  d e c re a se  in  f requency  and p e r s i s t e n c e  
of  in v e r s io n s  in  th e  v a l l e y .
The second v a r i a b l e  we w i l l  c o n s id e r  i s  a tm ospher ic  w a te r  vapor.  
Water can e x i s t  in  a l l  t h r e e  p h y s ic a l  s t a t e s  in  th e  a tmosphere.  We s h a l l  
f i r s t  be concerned w i th  gaseous w a te r -  Atmospheric  w a te r  vapor i s  measured 
in sev e ra l  d i f f e r e n t  ways.  One method used to  de te rm ine  th e  amount o f  
water  vapor p r e s e n t  in  t h e  a tmosphere i s  t o  measure th e  c o n t r i b u t i o n  o f  
water  vapor t o  th e  t o t a l  a tm o sph e r ic  p r e s s u r e .  The c o n t r i b u t i o n  o f  w a te r  
vapor i s  c a l l e d  t h e  p a r t i a l  p r e s s u r e  due to  w a te r  vapor o r  more simply 
the  vapor p r e s s u r e .  When t h e  a tm ospher ic  w a te r  vapor  reaches  e q u i l i b r iu m  
with l i q u i d  w a te r  t h e  s a t u r a t i o n  vapor  p r e s s u r e  i s  reached .  The atmos­
pher ic  tem pera tu re  a t  s a t u r a t i o n  i s  c a l l e d  th e  dew p o i n t .  The a c tu a l  
amount, o r  weigh t  o f  w a te r  in  a g iven  volume o f  a i r  i s  c a l l e d  t h e  a b s o l u te  
humidity.  The r a t i o  o f  t h e  a c tu a l  a tm o sp he r ic  vapor  p r e s s u r e  t o  the  
" sa tu ra t io n  vapor  p r e s s u r e  a t  a g iven  t e m p e ra tu re  i s  c a l l e d  th e  r e l a t i v e  
humidity.  R e l a t i v e  hum id i ty  can range  from 0 t o  100 p e rc e n t .
There a re  s e v e r a l  so u rces  o f  a tm ospher ic  w a te r  vapor ,  however,  
they can be c l a s s i f i e d  i n t o  f o u r  genera l  t y p e s :  e v a p o r a t i o n  from any
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m ois t  s u r f a c e  o r  body o f  w a t e r ,  e v a p o ra t io n  from th e  s o i l ,  t r a n s p i r a t i o n  
from p l a n t s  and com bust ion .  Oceans a r e  o b v io us ly  th e  most im p o r tan t  
source  o f  a tm ospher ic  w a t e r  vapo r  s i n c e  they  cover  more than t h r e e  f o u r t h s  
of  the  E a r t h ' s  s u r f a c e .  P l a n t s  a l s o  c o n t r i b u t e  a g r e a t  deal- o f  atmos­
p her ic  m o i s tu r e ,  as much as e i g h t  t imes more than  a comparable a re a  o f  
bare  ground. The c o n t r i b u t i o n  to  a tm ospher ic  w a te r  vapor  from human 
a c t i v i t i e s  i s  g e n e r a l l y  c o n s id e r e d  n e g l i g i b l e ,  however, in  c e r t a i n  a reas  
t h i s  i s  f a r  from t r u e .  The combustion p rocess  i s  a major c o n t r i b u t o r  of  
atmospheric  w a te r  vapor  and c e r t a i n  i n d u s t r i a l  p ro ce sse s  a re  a l s o  l a r g e  
c o n t r i b u t o r s .  In t h e  M issou la  V a l ley  a K r a f t  pulp  m i l l  d i s c h a rg e s  l a r g e  
q u a n t i t i e s  o f  w a te r  vap o r  d a i l y .  A K ra f t  p rocess  pulp m i l l  in  Lewis ton ,  
Idaho producing 650 to n s  o f  pulp  pe r  day .  about  55 p e rc e n t  o f  th e  c u r r e n t  
Hoerner-Waldorf p r o d u c t i o n ,  e m i t t e d  1 ,113,400 g a l lo n s  o f  w a te r  per  day 
in 1961.43 According t o  a r e p o r t  i s s u e d  by the  Hoerner-Waldorf  Corpora t ion  
in 1969 i f  a l l  o f  t h e  w a t e r  vapor  d i sc h a rg e d  from th e  m il l  in a y e a r  
condensed a t  once and f e l l  as r a i n  i t  would p rov ide  approx im ate ly  one 
h a l f  of  an inch o f  r a i n f a l l  in  t h e  Missoula  V a l l e y . 44 The s u r f a c e  a rea  
cons idered  to  be t h e  M issou la  V a l ley  was n o t  d e l i n i a t e d .  I t  i s  i n t e r e s t i n g  
to  n o t e ,  however, t h a t  one h a l f  an inch  o f  r a i n f a l l  i s  about  f o u r  p e rc e n t  
of  the  t o t a l  annual a v e ra g e  r a i n f a l l  reco rd ed  a t  th e  Missoula County 
A irp o r t .
The annual a v e ra g e  r e l a t i v e  hum id i ty  rec o rd ed  a t  th e  Missoula 
County A i r p o r t  i s  shown i n  f i g u r e s  3 .12  t o  3 .1 5 .  R e la t i v e  humidi ty  i s  
c u r r e n t ly  r e p o r t e d  a t  500,  1100, 1700 and 2300 M. U nt i l  1957 th e  r e l a t i v e  
humidity was r e p o r t e d  a t  530, 1130, 1730, and 2330 M. The annual average  
r e l a t i v e  hum id i ty  f o r  Spokane and K a l i s p e l l  a r e  a l s o  shown in  f i g u r e s  3.12
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Figure 3.12
Annual Average R e la t iv e  Humidity a t  Missoula , K a l i s p e l l ,  Spokane 0500 M - -  1951 - 1971.
loo­
se
X KEY
K a l i s p e l l
S p o k a n e
M i s s o u l a
20 .
1970•67 68 «9'63 •64 •65 '66I960'67 •581951 52 •54
ICJ1
■Pk
I
Figure 3.13
Annual Average R e la t iv e  Humidity a t  M issoula ,  K a l i s p e l l ,  Spokane 1100 M — 1951 -  1971.
KEY
100 K a l i s p e l l
S p o k an e
M i s s o u l a
8 0 -
60
20
69I960 '62 '6355 56 •57 •66 681951 '52 '54 '58 1970
Ioioi
I
Figure 3.14
Annual Average R e la t iv e  Humidity a t  Missoula ,  K a l i s p e l l ,  Spokane 1700 M - -  1951 -  1971.
100
80
?? 60
X
KEY40-
K a l i  s p e l l
S p o k an e
M i s s o u l a
20
52 •551951 •53 •54 •56 •57 58 59 I960 61 6 4•62 1970 7166 •67 68 •69
Figure 3.15
Annual Average R e la t iv e  Humidity a t  Missoula ,  K a l i s p e l l ,  Spokane 2300 M - -  1951 - 1971.
- 5 7 -
to  3 .15 .  The r e l a t i v e  hum id i ty  in  th e  Missoula V a l ley  has in c re a s e d  
no t iceab ly  in  the  twenty  y e a r  p e r io d  s i n c e  1951. In 1956 th e  "normal" 
annual r e l a t i v e  hum id i ty  a t  1130 M was 59 p e rc e n t  based on twelve  y e a r s  
o f  d a ta .  In 1970 t h e  "normal" annual  r e l a t i v e  humidi ty  a t  1100 M was 
64 p e rc e n t  based on ten  y e a r s  o f  d a t a .  R e la t i v e  humidty o b s e rv a t io n s  a t  
the  o th e r  t imes a l s o  show an i n c r e a s e .  The r e l a t i v e  humidi ty  a t  the  
K a l i s p e l l  a i r p o r t ,  8 .5  m i le s  n o r t h e a s t  o f  K a l i s p e l l ,  a l s o  shows an i n c r e a s e  
which p a r a l l e l s  th e  i n c r e a s e  no ted  a t  M issou la .  The r e l a t i v e  humidi ty  
recorded a t  th e  Spokane A i r p o r t  appears  t o  be more c o n s t a n t  over  t im e .
One f a c t o r  which i s  r e s p o n s i b l e  f o r  some o f  th e  i n c r e a s e  in r e l a t i v e  
humidity i s  th e  t im e  change in  r e c o rd in g  th e  r e l a t i v e  hum id i ty .  Beginning 
in 1957 a l l  o b s e r v a t io n s  were made one h a l f  hour e a r l i e r .  Assuming a 
l i n e a r  d e c rea se  in  r e l a t i v e  hum idi ty  between 0530 and 1130, observ ing  
r e l a t i v e  hum idi ty  a t  1100 r a t h e r  than  1130 would cause  an i n c r e a s e  in
r e l a t i v e  humidi ty  o f  a lm os t  two p e rcen ta g e  p o i n t s .  I t  would seem lo g ic a l
t h a t  the  i n t r o d u c t i o n  o f  a K r a f t  p rocess  pulp m i l l  i n t o  t h e  Missoula 
Valley would be a n o th e r  cause  o f  in c r e a s e d  r e l a t i v e  hum idi ty .  I t  i s  
i n t e r e s t i n g  t o  c o n s i d e r  t h e  1100 M r e l a t i v e  h u m id i ty ,  t h e  o b se rv a t io n  
t h a t  has shown th e  most  d r a m a t i c  i n c r e a s e .  As can be seen from f i g u r e  
3 .13 ,  dur ing  the  p e r io d  from 1951 t o  1960 the  Missoula  annual average  
r e l a t i v e  humidi ty  a t  1100 M was l e s s  than o r  equal t o  t h e  K a l i s p e l l
r e l a t i v e  humidi ty  in  n in e  o f  th e  t e n  y e a r s .  S i m i l a r l y  th e  Missoula  r e l a ­
t i v e  humidity  was l e s s  th an  o r  equal  t o  th e  Spokane r e l a t i v e  hum idi ty  
f o r  a l l  t en  y e a r s .  For t h e  p e r io d  from 1961 to  1970, however,  t h e  M issoula  
r e l a t i v e  hum id i ty  was g r e a t e r  than  t h e  K a l i s p e l l  r e l a t i v e  hum idi ty  d u r ing  
seven o f  t h e  t e n  y e a r s ,  and g r e a t e r  than  th e  Spokane r e l a t i v e  hum id i ty
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during e i g h t  o f  t h e  t e n  y e a r s .  The t h r e e  o t h e r  r e l a t i v e  hum idi ty  o b s e r ­
va t io n s  have been made a t  K a l i s p e l l  on ly  s i n c e  1965, however, Spokane 
has continuous d a ta  th rough  t h e  p e r i o d .  For th e  1700 M o b s e r v a t io n  th e  
Missoula r e l a t i v e  hu m id i ty  was l e s s  than  o r  equal  t o  th e  Spokane r e l a t i v e
humidity f o r  a l l  t e n  y e a r s  d u r ing  th e  p e r io d  1951 to  1960. The Missoula
r e l a t i v e  hum idi ty  was g r e a t e r  th an  o r  equal  to  t h e  Spokane r e l a t i v e
humidity f o r  a l l  t e n  y e a r s  d u r ing  th e  p e r io d  1961 to  1970. The o t h e r  two
obse rv a t io ns  do n o t  show such an obvious t r e n d ,  however, the  average  
d i f f e r e n c e  between Spokane and Missoula  r e l a t i v e  hum idi ty  va lues  a t  t h e s e  
times has o b v io u s ly  i n c r e a s e d .
I t  c e r t a i n l y  a p pea rs  p o s s i b l e  t h a t  th e  pulp m i l l  has i n f lu e n c e d  
the  daytime r e l a t i v e  hu m id i ty  v a lu e s .  The pulp m i l l  was lo c a te d  in  
Missoula in  1957 and b e g in n in g  in  1961 p roduc t ion  in c r e a s e d  from 250 to  
600 tons per  day .^^  More d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  appears  t o  be 
necessary  to  s u b s t a n t i a t e  c o n c l u s i v e l y  t h a t  the  i n c r e a s e  in r e l a t i v e  
humidity in  th e  v a l l e y  i s  due t o  an th ro p o g e n ic  w a te r  vapor  I t  i s  c e r ­
t a i n l y  pu zz l ing  t h a t  t h e  drop in  r e l a t i v e  hum idi ty  d u r ing  th e  pe r iod  
from 1966 th rough  1968 co rre sp o n d s  to  a p e r io d  when th e  Hoerner-Waldorf  
production in c r e a s e d  from 600 to ns  pe r  day to  1150 tons  per  day. A drop 
in r e l a t i v e  hum id i ty  o f  n in e  p e rc e n ta g e  p o in t s  o r  t h i r t e e n  p e r c e n t  be ­
tween 1965 and 1966 i s  c e r t a i n l y  unusual  e s p e c i a l l y  when accompanied by 
a 92 p e rc e n t  i n c r e a s e  i n  Hoerner-W aldorf  p r o d u c t i o n . ^5
U rb a n iz a t io n  i s  a l s o  known to  e f f e c t  r e l a t i v e  hum id i ty .  While 
the  a b s o lu te  h u m id i t i e s  o f  a d j a c e n t  r u r a l  and urban a re a s  may be s i m i l a r ,  
the  r e l a t i v e  h um id i ty  o f  an urban s i t e  i s  g e n e r a l l y  s e v e r a l  p e r c e n t  lower 
than a co r re sp o n d in g  r u r a l  l o c a t i o n .  The main cause  o f  t h i s  phenomena i s
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the  r u r a l - u r b a n  " h e a t  i s l a n d "  e f f e c t .  S ince  r e l a t i v e  hum idi ty  i s  i n v e r s e l y  
te m p e ra tu re  dependen t ,  t h e  i n c r e a s e d  te m p e ra tu re  a s s o c i a t e d  w i th  urban 
l o c a t i o n s  w i l l  co r re sp on d  t o  a d e c r e a s e  in  r e l a t i v e  hum id i ty .
The r o l e  o f  human a c t i v i t i e s  in  t h e  m o d i f i c a t io n  o f  a tm ospher ic  
p r e c i p i t a t i o n  i s  i n t e r e s t i n g  and p r e s e n t l y  q u i t e  c o n t r o v e r s i a l .  The 
general  though t  i s  t h a t  human a c t i v i t i e s  and u r b a n i z a t i o n  i n c r e a s e  
p r e c i p i t a t i o n .  The c l a s s i c  s tu d y  o f  Changnon a t  La P o r t e ,  Ind iana  i s  
o f te n  c i t e d  as an e x a m p l e . 46 Changnon dem ons tra ted  a very  l a r g e  in c r e a s e  
in  p r e c i p i t a t i o n ,  t h u n d e r s to r m s ,  and h a i l  a t  La P o r t e ,  Ind ian a  s in c e  
1925. He a s s o c i a t e s  t h i s  i n c r e a s e  w ith  th e  r a p id  i n d u s t r i a l i z a t i o n  o f  
the  Chicago-Gary.  I n d ia n a  a re a  approx im ate ly  t h i r t y  m i le s  upwind from 
La P o r te .  There i s  a g e n e ra l  agreement  between t h e  annual number o f  
smoke-haze days in  Chicago and t h e  annual  p r e c i p i t a t i o n  leve l  r eco rded  
a t  La P o r te .  Changnon b e l i e v e s  t h a t  high c o n c e n t r a t i o n s  o f  i c e  n u c le i  
from th e  s t e e l  m i l l s  and added h e a t  from i n d u s t r i a l  so u rc e s  a r e  r e s p o n ­
s i b l e  f o r  th e  p r e c i p i t a t i o n  anomoly.47
Severa l  o t h e r  a u th o r s  have r e p o r t e d  i n c r e a s e d  p r e c i p i t a t i o n  in  
urban a r e a s .  Landsberg has concluded t h a t  a c i t y  w i l l  r e c e i v e  about  
ten  p e rc e n t  more p r e c i p i t a t i o n  than  a d ja c e n t  r u r a l  a r e a s .  D e t t w i l l e r  
a l s o  has shown t h a t  urban  a re a s  r e c e i v e  more p r e c i p i t a t i o n .  D e t t w i l l e r  
r e p o r t e d  t h a t  from 1953 t o  1967 P a r i s ,  France r e c e iv e d  31 p e rc e n t  
g r e a t e r  r a i n f a l l  on weekdays th an  weekends. The i m p l i c a t i o n  o f  t h i s  
'd a ta  i s  t h a t  t h e  i n c r e a s e d  a c t i v i t y  o f  t h e  c i t y  d u r in g  th e  f i v e  day work 
week leads  t o  i n c r e a s e d  p r e c i p i t a t i o n .  In c re a s e d  th un d ers to rm s  over 
urban a reas  have a l s o  been r e p o r t e d  by numerous a u t h o r s . 36
The consensus  i s  t h a t  c i t i e s  a r e  an e x c e l l e n t  so u rc e  o f  i c e  and
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condensa t ion  n u c le i  which modify c loud  fo rm at ion  and p r e c i p i t a t i o n  p a t ­
t e r n s .  The e f f e c t  o f  t h e s e  n u c le i  in  p r e c i p i t a t i o n  fo rm at ion  i s  not  
p r e s e n t l y  com ple te ly  u n d e rs to o d .  The optimum c o n c e n t r a t i o n  of  th e s e  
n u c le i  n e c e s sa ry  f o r  m odify ing  p r e c i p i t a t i o n  p a t t e r n s  has no t  y e t  been 
de te rmined .  In f a c t ,  under  some c i rc u m s tances  a r e d u c t io n  in p r e c i p i ­
t a t i o n  may occu r  w i th  an i n c r e a s e  in  condensa t ion  n u c le i  When la rg e  
numbers o f  c o n d ensa t ion  n u c le i  a r e  i n t ro d u c e d  i n t o  warm clouds l a rg e  
drops a r e  n o t  formed, c o a le s c e n c e  i s  i n e f f e c t i v e  and p r e c i p i t a t i o n  i s  
i n h i b i t e d .  As an example o f  t h i s  phenomena Warner has r e p o r t e d  a twenty-  
f i v e  p e rc e n t  d e c r e a s e  in  p r e c i p i t a t i o n  in  E as te rn  A u s t r a l i a  which he 
a t t r i b u t e s  t o  an i n c r e a s e  in  smoke due t o  su g a r  cane burn ing  in  the  
l a s t  f i f t y  y e a r s .
The annual  ave rage  p r e c i p i t a t i o n  a t  th e  Missoula  County A i r p o r t  
and th e  Missoula  2WNW s t a t i o n  a re  shown in  f i g u r e  3 .16 .  There i s  no 
apparen t  t r e n d  in  t h e  t o t a l  p r e c i p i t a t i o n  l e v e l s  a t  th e  two s t a t i o n s .
For th e  p e r io d  from 1951 t o  1960 th e  annual average  p r e c i p i t a t i o n  a t  
the  A i r p o r t  s t a t i o n  was 13.49 inch es  and a t  th e  2WNW s t a t i o n  was 13.34 
inches .  The 1960 normals f o r  t h e  two s t a t i o n s  a re  12.83 a t  t h e  A i r p o r t  
and ,12.78 a t  2WNW. The number o f  days p e r  y e a r  with  p r e c i p i t a t i o n  g r e a t e r  
than .01 inches  f o r  t h e  M issoula  2WNW and A i r p o r t  s t a t i o n s  a re  shown in  
f i g u r e  3 .1 7 .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  th e  number o f  r a in y  days 
per y e a r  d e c re a se s  as we move from th e  r u r a l  a i r p o r t  l o c a t i o n  t o  th e  
2WNW s t a t i o n .  The A i r p o r t  s t a t i o n  averaged  8 .5  more r a i n y  days per  y e a r  
than th e  2WNW s t a t i o n ,  w h i l e  th e  2WNW s t a t i o n  r e c e iv e d  more t o t a l  r a i n ­
f a l l .  The Missoula  s t a t i o n  had th e  h i g h e s t  number o f  r a in y  day€ per 
y e a r  du r ing  th e  f o u r  y e a r s  when a l l  t h r e e  s t a t i o n s  were o p e ra t in g
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YEAR MISSOULA 2WNW MISSOULA.COUNTY 
AIRPORT
MISSOULA
1965 15.61 14.20
1964 17.56 15.22 — —
1963 14.55 14.89 — —
1962 12.63 11.99 — —
1961 15.70 14.10. — —
1960 9.89 9 .87 — —
1959 16.15 16.29 — —
1958 15.52 16.98 — —
1957 11.55 12.21 -  —
1956 16.43 15.16 — —
1955 17.23 15.82 — —
1954 14.72 13.60 — —
1953 10.99 11.36 — —
1952 8.02 8 .62 -  —
1951 15.04 15.02 — —
1950 12.89 14.18 — —
1949 10.01 8 .94 — —
1948 15.87 14.87 — —
1947 16.19 14.68 — —
1946 12.97 12.43 — —
1945 11.02 9 .7 8 ------
1944 12.87 10.59 13.22
1943 14.45 13.61 15.71
1942 15.61 14.99 14.89
1941 16.82 16.19 15.79
1940 12.03 10.42 12.32
Figure  3 .16
Average Annual P r e c i p i t a t i o n  f o r  M issoula  2WNW, Missoula County A i r p o r t ,  & 
Missoula C i ty  S t a t i o n s .
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YEAR MISSOULA 2WNW A MISSOULA COUNTY 
AIRPORT
A MISSOUL
1971 137
1970 - - - 132 - -
1969 -  - - 103 - -
1968 — — - 136 - -
1967 — — - 126 - -
1966 — — - 107 - -
1965 128 -7 121 - -
1964 124 7 131 - —
1963 114 7 121 - -
1962 104 6 110 - -
1961 114 24 138 - -
1960 115 -3 112 - -
1959 141 -1 140 - -
1958 129 3 132 - -
1957 129 3 126 - -
1956 121 5 126 - -
1955 129 12 141 - -
1954 116 3 119 - -
1953 104 17 121 - -
1952 88 6 94 - -
1951 113 20 133 - -
1950 122 27 149 - -
1949 90 17 107 - -
1948 113 3 116 - -
1947 96 28 124 - -
1946 100 11 111 - -
1945 104 23 127 - -
1944 88 8 96 - -
1943 108 -4 104 11 115
1942 118 10 128 1 129
1941 129 1 130 7 137
1940 120 
Average D i f fe re n c e
2
= 8 .5+
122 15 
= 8 .5+
137
Figure 3.17
Number o f  Days p e r  Year w i th  P r e c i p i t a t i o n  G re a te r  than  .01 Inches  f o r  
Missoula 2WNW, Missoula  County A i r p o r t ,  and Missoula  C i ty  S t a t i o n s .
>•
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s im u l ta n e o u s ly .  F igu re  3 .18  g iv es  t h e  number o f  days pe r  y e a r  w ith  
p r e c i p i t a t i o n  g r e a t e r  than  .10 i n c h e s .  There i s  no a p p a re n t  t r e n d  in  
days w ith  p r e c i p i t a t i o n  g r e a t e r  than  .10 in c h e s .
Human a c t i v i t i e s  have a l s o  been co ns id e re d  t o  be r e s p o n s i b l e  f o r  
an i n c r e a s e  in  th e  number o f  thunders to rm s  in  c e r t a i n  l o c a t i o n s .  The 
primary example o f  t h i s  c i rcu m s tance  i s  th e  La P o r t e ,  Ind iana  p r e c i p i t a t i o n  
anomoly. Changnon has r e p o r t e d  a 38 p e r c e n t  i n c r e a s e  in  th e  annual number 
of  thunders to rm s r e p o r t e d  a t  La P o r te  d u r ing  th e  pe r io d  from 1951 to  1965. 
The annual number o f  thunders to rm s  du r ing  the  pe r iod  from 1955 t o  1971 
f o r  M issoula ,  K a l i s p e l l ,  and Spokane a re  shown in f i g u r e  3 .19 .  There does 
not  appear  to  be any t r e n d  in  t h e  number o f  thunders to rm s  r e p o r t e d  a t  
Missoula.  In th e  n o r th e r n  Rocky Mountain reg ion  topography i s  p robably  
the  major f a c t o r  i n f l u e n c i n g  thunders to rm  o c c u r r e n c e . -
In 1969 Thomas E. Horobik s t u d i e d  th e  p r e c i p i t a t i o n  p a t t e r n s  o f  
s ix  western  Montana l o c a t i o n s .  Horobik demonstra ted  t h a t  f o r  t h e  com­
parison p e r iod s  o f  1940 t o  1957 and 1958 t o  1969 th e  t o t a l  annual p r e ­
c i p i t a t i o n  had d e c rea se d  in  Darby, Ham il ton ,  Po ison ,  and S t e v e n s v i l l e  
and had in c re a s e d  in  Missoula  and S t .  I g n a t i u s .  1957 was chooser  to  
se p a ra te  th e  two p e r io d s  because  o f  th e  i n t r o d u c t i o n  o f  th e  pulp  m il l  
in to  the  Missoula a r e a .  Horobik b e l i e v e s  t h a t  th e  i n t r o d u c t i o n  o f  
hygroscopic  n u c le i  and w a te r  vapor  have caused th e  i n c r e a s e  in  p r e c i p i ­
t a t i o n  a t  Missoula  and S t .  I g n a t i u s .  He concludes  t h a t  th e  i n c r e a s e d  
r a i n f a l l  in  S t .  I g n a t i u s  i s  due t o  th e  combinat ion o f  w a te r  vapor  from 
Flathead Lake and hy g rosco p ic  n u c le i  from a lumber m i l l  in  Poison .
The Missoula 2WNW s t a t i o n  i s  n o t  in c lu d e d  in  H oro b ik 's  paper  The 
s t a t i o n  was removed in  1966, however,  th e  i n c r e a s in g  p r e c i p i t a t i o n  t r e n d
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YEAR MISSOULA 2WNW MISSOULA COUNTY 
AIRPORT
A
1965 48 47 1
1964 48 42 6
1963 47 50 -3
1962 38 39 -1
1961 44 47 -3
1960 34 34 0
1959 55 54 1
1958 52 56 -4
1957 37 40 -3
1956 47 44 3
1955 51 49 2
1954 46 42 4
Average D i f fe re n ce = 0
Figure  3 .18
Number o f  Days p e r  Year w i th  P r e c i p i t a t i o n  G re a te r  than  .10 Inches f o r  
Missoula 2WNW, and M issou la  County A i r p o r t  S t a t i o n s .
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year__________ MISSOULA_____________ KALISPELL SPOKANE
1955 23 17 8
1956 26 33 10
1957 27 28 18
1958 37 29 24
1959 18 18 11
1960 14 17 8
1961 25 28 12
1962 28 16 16
1963 33 29 12
1964 14 18 14
1965 24 19 8
1966 31 30 8
1967 20 19 12
1968 15 — — 2
1969 16 18 9
1970 21 20 11
1971 23 22 6
Figure  3.19
Annual Number o f  Thunders torm s a t  M issou la , K a l i s p e l l ,  and
1955 - 1971.
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i s  a p p a ren t  w i th  t h i s  s t a t i o n  a l s o .  The average  p r e c i p i t a t i o n  f o r  th e  
Wissoula 2WNW s t a t i o n  d u r ing  th e  1940-1957 p e r io d  was 13.60 inches  w h i le  
the  1958-1965 average  was 14.70 in c h e s .  The Missoula  A i r p o r t  annual 
average p r e c i p i t a t i o n  f o r  th e  1958-1965 p e r io d  was 14.19 in c h e s .
While i t  may be l o g i c a l  t o  conclude  t h a t  i n d u s t r i a l  w a te r  vapor 
and hygroscopic  n u c le i  a r e  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  in  p r e c i p i t a t i o n  
in  the  Missoula V a l ley  t h e r e  a r e  c e r t a i n l y  unanswered q u e s t io n s  in  t h i s  
approach. Although l a r g e  q u a n t i t i e s  o f  n u c le i  a re  undoubtably  p r e s e n t  
in Missoula i t  i s  d e b a t a b l e  w he ther  t h e s e  n u c le i  would enhance o r  su ppress  
p r e c i p i t a t i o n .  The s p e c i f i c  chemical  composi t ion  o f  th e  n u c l e i ,  th e  s i z e ,  
and the  number o f  n u c le i  p r e s e n t  a l l  c o n t ro l  th e  r a t e  o f  p r e c i p i t a t i o n  
formation.  S i t e  changes w i t h in  th e  s tu d y  p e r io d  can a l s o  have a l a r g e  
e f f e c t  on p r e c i p i t a t i o n  t r e n d s .  The M issou la ,  S t e v e n s v i l l e ,  Hamil ton,  
and S t .  I g n a t iu s  s t a t i o n  l o c a t i o n s  were no t  a l t e r e d  s i g n i f i c a n t l y  dur ing  
the per iod  o f  H o ro b ik 's  s tu d y .  The Darby s t a t i o n  was moved two m iles  SSE 
in 1957- The e l e v a t i o n  g a in  accompanying t h i s  change was 65 f e e t .  The 
Poison s t a t i o n  was moved s e v e r a l  t imes in  th e  p e r io d  from 1953 t o  1965 
and was f i n a l l y  c lo s e d  in  May 1966. The d a ta  which Horobik p r e s e n t s  f o r  
the  Poison s t a t i o n  a f t e r  May 1966 were a p p a r e n t l y  taken  from th e  Kerr Dam 
s i t e  approxim ate ly  f i v e  m i le s  sou th w es t  o f  Poison in  a canyon. The 
e le v a t io n  o f  th e  Kerr  Dam s t a t i o n  i s  about  200 f e e t  lower than  t h e  s t a t i o n  
a t  Poison. A g r e a t  deal  o f  th e  d e c r e a s e  in  p r e c i p i t a t i o n  reco rded  a t  th e  
Poison s t a t i o n  dur ing  th e  1958-1969 p e r io d  cou ld  be due to  t h i s  s i t e  change.
In an a t t e m p t  t o  d e te rm in e  th e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  
p r e c i p i t a t i o n  i n c r e a s e  r e c o rd ed  a t  t h e  Missoula  County A i r p o r t  t h e  p r e c i p ­
i t a t i o n  reco rds  o f  a l l  t h e  s t a t i o n s  w es t  o f  th e  C o n t in e n ta l  Divide in
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Montana were s t u d i e d .  Two averages  were de te rm ined  f o r  each s t a t i o n ,  a 
pre  and p o s t  pulp m i l l  a v e rag e .  For each s t a t i o n  th e  pre  pulp m i l l  average  
was th e  mean o f  th e  annual  average  p r e c i p i t a t i o n  v a lu e s  f o r  the  y e a r s  
1944 to  1957, a p e r io d  o f  f o u r t e e n  y e a r s .  S i m i l a r l y  th e  p o s t  pulp  m i l l  
average was th e  mean o f  t h e  annual average  p r e c i p i t a t i o n  va lues  f o r  t h e  
yea rs  1958 to  1971, a f o u r t e e n  y e a r  p e r i o d .  The pulp m i l l  was c o n s t r u c t e d  
in  Missoula in  1957 The only  s i t e s  in c lu d e d  in th e  s tu d y  were tho se  
t h a t  had no t  moved s i g n i f i c a n t l y  d u r in g  th e  p e r io d  o f  th e  s tu d y .  We
considered  a s i g n i f i c a n t  move t o  be a change o f  a l t i t u d e  o f  more than  100
f e e t  o r  a l i n e a r  move o f  more than  two minutes  l a t i t u d e  o r  l o n g i tu d e .  A 
t o t a l  o f  twenty s t a t i o n s  had d a ta  which met our  c r i t e r a .  F igure  3.20 
gives pre  and p o s t  pulp  m i l l  means f o r  t h e  twenty  s t a t i o n s  and th e  d i f ­
fe rences  between th e  two means. The d i f f e r e n c e s  between th e  pre  and p o s t
pulp m i l l  means a re  a l s o  p l o t t e d  on a map o f  th e  s t a t e  o f  Montana in
f ig u r e  3 .21 .  The i n c r e a s e  in  p r e c i p i t a t i o n  reco rded  a t  Missoula does not  
appear to  be s t a t i s t i c a l l y  s i g n i f i c a n t .  Because o f  th e  wide f l u c t u a t i o n  
in the  p r e c i p i t a t i o n  d i f f e r e n c e s  d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  was con­
s ide red  f u t i l e .  F igu re  3 .22  shows t h a t  th e  s t a t i o n s  w i th  an i n c r e a s e  in  
p r e c i p i t a t i o n  a re  a l l  c o n t ig u o u s .  The s i g n i f i c a n c e  and i n t e r p r e t a t i o n  
o f  t h i s  d a ta  i s  beyond th e  scope o f  t h i s  s tu d y .
The r o l e  o f  a i r  p o l l u t i o n  in  modifying th e  in c id e n c e  o f  fog has 
been s tu d i e d  in  s e v e r a l  l o c a t i o n s  and has been confi rmed t o  th e  s a t i s f a c t i o n  
of  most a tm ospher ic  s c i e n t i s t s .  Fog i s  more f r e q u e n t  in  u rb an ,  i n d u s t r i a l  
c en te rs  than in  su r ro u n d in g  r u r a l  l o c a t i o n s .  With r e l a t i v e  h u m id i t i e s  in  
excess o f  70 p e r c e n t ,  v a r io u s  ty p es  o f  a tm osp h e r ic  p a r t i c u l a t e  a r e  d e l i ­
quescent  and can grow i n t o  fog d r o p l e t s .
STATION MEAN
1943-1957
-68-
MEAN
1958-1971
A CHANGE
Bigfork IBS 22.03 23.18 1.15 +
Heron 34.64 35.27 0 .63 +
Thompson F a l l s 21.56 24.56 3.00 +
Haugan 33.15 31.73 - 1 .4 2 -
Super io r 17.95 18.07 0 .12 +
For t ine 18.81 17.48 -1 .3 3 -
Libby 18.62 18.60 -0 .0 2 -
West G la c i e r 29.79 31.15 1.36 +
Summit 40 .03 39.89 -0 .1 4 -
K al ispe l l  C i ty 14.75 15.93 1.18 +
Seeley Lake 21.43 23.85 2.42 +
Ovando ISW 15.78 16.96 1..18 +
Butte  A i rp o r t 12.16 11.93 -0 .2 3 -
East Anaconda 13.85 14.25 0.40 +
P h i l l ip s b u rg 15.83 13.59 -2 .2 4 -
St .  I g n a t iu s 15.73 16.82 1.09 -
S te v e n s v i l l e 13.38 12.74 -0 .6 4 -
Hami1 ton 12.99 12.83 - 0 .1 6 -
Darby 16.61 15.45 - 1 .1 6 -
Missoula AP 12.66 13.67 1.01 +
Figure 3.20
Pre and Po s t  Pulp Mill P r e c i p i t a t i o n
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Figure 3.21
Difference  Between Pre and Post Pulp Kill P re c ip i ta t io n  Means.
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The number o f  days p e r  y e a r  w i th  heavy fog a t  th e  Missoula  County 
A i rp o r t  has i n c r e a s e d  d u r in g  t h e  l a s t  twenty  y e a r s .  Heavy fog i s  d e f in e d  
by United S t a t e s  Weather Bureau S tandards  to  be fog which r e s t r i c t s  p r e ­
v a i l i n g  v i s i b i l i t y  t o  one q u a r t e r  m i le  o r  l e s s .  The p r e v a i l i n g  v i s i b i l i t y  
i s  th e  g r e a t e s t  v i s i b i l i t y  which i s  a t t a i n e d  in  a t  l e a s t  one h a l f  of  th e  
horizon c i r c l e ,  n o t  n e c e s s a r i l y  c o n t in u o u s .  In August 1966 Richard A. 
Dightman, th e  S t a t e  C l i m a t o l o g i s t ,  p u b l i s h e d  a paper  "A Comparison o f  Fog 
Incidence  a t  M issou la ,  Montana w i th  Surrounding  L o c a t i o n s . D i g h t m a n  
compared th e  annual i n c i d e n c e  o f  heavy fog a t  Missoula  w ith  the  annual 
inc idence  o f  heavy fog a t  Spokane, H e lena ,  and Grea t  F a l l s .  Dightman 
demonstrated t h a t  th e  i n c r e a s e  in  fog a t  Missoula was s t a t i s t i c a l l y  s i g ­
n i f i c a n t .  Using double  mass a n a l y s i s  Dightman dem onstra ted  t h a t  the  
abnormal i n c r e a s e  in  fog began in  1958, th e  f i r s t  f u l l  y e a r  o f  o p e ra t io n  
of  the  pulp m i l l  in  M issou la .  Rudolf Honkala d i s p u te d  th e s e  f i n d in g s  in 
a l e t t e r  to  Dan P o t t s  o f  th e  Hoerner-W aldorf  C orpora t ion  in March o f  1969. 
Honkala sugges ted  t h a t  Dightman 's  r e s u l t s  were i n v a l i d  because h i s  com­
parison s t a t i o n s  were n o t  c l i m a t o l o g i c a l l y  s i m i l a r  Honkala sugges ted  
t h a t  K a l i s p e l l ,  L ew is to n ,  Idaho ,  and S a l t  Lake C i t y ,  Utah would be 
reasonable  comparison s t a t i o n s .
In t h i s  pap e r  we have ex tended  Dightman's  c a l c u l a t i o n s  through 1971. 
Honkala 's  s u g g e s t io n s  c o n ce rn in g  sampling l o c a t i o n s  were c o n s id e re d .  We 
r e j e c t e d  the  S a l t  Lake C i ty  comparison l o c a t i o n  because  o f  the  very l a rg e  
urban in f lu e n c e s  p r e s e n t  t h e r e .  L ew is ton ,  Idaho was r e j e c t e d  because  o f  
the pulp m i l l  p r e s e n t  in  t h e  v a l l e y .  K a l i s p e l l  was accep ted  as a compar­
ison l o c a t i o n ,  however, m is s in g  d a ta  made s t a t i s t i c a l  com par ison" im poss ib le ,  
Figure 3 .22 shows th e  annual  number o f  days w ith  heavy fog reco rded  a t
.
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YEAR MISSOULA KALISPELL HELENA GREAT FALLS SPOKANE
1950 28 44 10 14 47
1951 20 40 6 18 38
1952 29 30 11 8 52
1953 20 8 4 30
1954 27 — — 8 8 43
1955 21
f
6 14 49
1956 18 3 12 51
1957 21 —  — 8 17 50
1958 48 —  - 7 11 60
1959 33 —  — 2 12 46
1960 29 34 7 13 45
1961 32 24 1 10 44
1962 41 32 12 16 65
1963 35 26 7 11 53
1964 29 45 5 4 47
1965 55 36 15 15 57
1966 23 38 3 7 54
1967 26 15 4 17 35
1968 30 —  — 12 9 46
1969 44 43 24 18 77
1970 26 35 3 22 47
1971 19 24 5 15 49
Figure 3 .22
Annual Number o f  Days w i th  Heavy Fog — M issoula , K a l i s p e l l , H e le n a ,
Great F a l l s ,  Spokane.
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M issoula ,  Spokane,  K a l i s p e l l ,  H e lena ,  and G re a t  F a l l s  d u r in g  th e  p e r io d  
from 1950 t o  1971. F ig u re  3 .23  g iv e s  a comparison o f  t h e  change in th e  
mean number o f  heavy fog days a t  M issou la ,  Helena ,  and a t h r e e  s t a t i o n  
mean o f  H e lena ,  G re a t  F a l l s ,  and Spokane. Dightman concluded in  1966 
t h a t  th e  i n c r e a s e  in  fog a t  Missoula  was s t a t i s t i c a l l y  s i g n i f i c a n t ;  
ex tens ion  o f  h i s  c a l c u l a t i o n s  through 1971 does no t  a l t e r  t h i s  c o n c lu s io n .  
Figure  3 .24  i s  a double  mass p l o t  o f  th e  accumulated annual number o f  days 
with fog a t  Missoula  v e r s u s  th e  accumulated  t h r e e  s t a t i o n  mean. The t r e n d  
discovered by Dightman appears  t o  c o n t in u e  through 1971. The change in  
slope which began in  1958 i n d i c a t e s  t h a t  th e  change in  fog in c id en c e  a t  
Missoula d id  not  occu r  a t  t h e  o t h e r  t h r e e  s t a t i o n s .  The i n t r o d u c t i o n  of  
the  pulp m i l l  wi th  i t s  a s s o c i a t e d  p a r t i c u l a t e  and w a te r  vapor in 1957 i s  
c e r t a i n l y  a p o s s i b l e  c a u s a t i v e  a g e n t .
D e t e r i o r a t i o n  o f  v i s i b i l i t y  i s  a l s o  a s s o c i a t e d  w ith  human a c t i v i t i e s .  
V i s i b i l i t y  o r  v i s u a l  range  i s  c o n s id e re d  t o  be th e  d i s t a n c e  a t  which i t  
i s  j u s t  p o s s ib l e  to  p e r c e i v e  an o b j e c t  a g a i n s t  t h e  ho r izo n  sky.  Reduction 
in v i s i b i l i t y  can be caused by a tm ospher ic  p a r t i c u l a t e  and a e r o s o l s .  The 
v i s i b l e  r a d i a t i o n  p a s s in g  from o b j e c t  to  o b se rv e r  i s  a t t e n u a t e d .  The 
a t t en u a t io n  i s  the  r e s u l t  o f  a b s o r p t io n  o f  l i g h t  and th e  s c a t t e r i n g  o f  
l i g h t  out  o f  th e  i n c i d e n t  beam, th u s  t h e  e y e ' s  a b i l i t y  t o  d i s t i n g u i s h  an 
ob jec t  from i t s  background i s  red u ced .  V i s i b i l i t y  can a l s o  be reduced 
through the  i l l u m i n a t i o n  o f  t h e  a i r  between t h e  o b j e c t  and th e  o b s e r v e r  
This i l l u m in a t io n  i s  caused by th e  s c a t t e r i n g  o f  s u n l i g h t  by p a r t i c u l a t e  
and ae ro so ls  i n t o  t h e  l i n e  o f  s i g h t . ^
There has been a c o n t r o v e r s y  over  t h e  i n t e r p r e t a t i o n  o f  v i s i b i l i t y  
s t a t i s t i c s  in  th e  M issoula  V a l le y .  D e t a i l e d  v i s i b i l i t y  s t u d i e s  have been
Missoula
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Helena 3 S t a t i o n s  Mean
1950-1957 mean 23 .00 7.50 21.50
1958-1971 mean 33.57 7 .64 23.36
D if fe rence 10.57 0 .14 1.86
Figure  3 .23
Comparison o f  Heavy Fog Days
performed by Ed N e lson ,  heacf m e t e o r o l o g i s t  a t  t h e  Missoula  Weather S t a t i o n ,  
Rudolph Honkala,  and Gary J e n s e n .  Honkala p re s e n te d  a d e t a i l e d  v i s i b i l i t y  
study f o r  t h e  p e r io d  from 1950 to  1968. In p r e p a r a t i o n  f o r  t h i s  paper 
Gary Jensen c o n t in ued  H o nk a la ' s  work through 1971. The r e a d e r  i s  r e f e r r e d  
to  Honkala and J e n s e n ' s  papers  f o r  a d e t a i l e d  a n a l y s i s  o f  v i s i b i l i t y  
p a t t e rn s  in  the  M issoula  V a l le y .  A genera l  summary o f  v i s i b i l i t y  p a t t e r n s  
in the  Missoula  V a l ley  f o r  t h e  p e r io d  1950 to  1971 i s  shown in  f i g u r e s  3 .25 
and 3 .26 .  Reduced v i s i b i l i t y  caused by p r e c i p i t a t i o n  i s  in c lu ded  in  t h e s e  
f i g u r e s .  S i m i l a r  c a l c u l a t i o n s  by Ed Nelson which e l i m i n a t e  reduced 
v i s i b i l i t y  due t o  p r e c i p i t a t i o n  show an i d e n t i c a l  t r e n d .  We again  no te  
a dramatic  i n c r e a s e  in  reduced  v i s i b i l i t y  in  th e  Missoula  Val ley  beg inn ing  
in 1958, th e  f i r s t  f u l l  y e a r  o f  pu lp  m i l l  o p e r a t i o n .  In c re ased  pulp m i l l  
production in  1966 does n o t  c o r r e l a t e  w i th  dec reased  v i s i b i l i t y  however 
One o f  t h e  m ajo r  f a c t o r s  i n f lu e n c i n g  v i s i b i l i t y  in  th e  Missoula  
Valley i s  i n v e r s io n  f re q u e n c y  and s t r e n g t h .  F igures  3 .27  and 3 .28  show 
the r e l a t i o n s h i p  between t h e  annual average  i n v e r s i o n  index  and th e  number 
of  hours per  y e a r  w i th  s i x  and t h r e e  m i le  v i s i b i l i t y  from 1965 to  1971.
With the  excep t ion  o f  1965 a n e a r l y  l i n e a r  r e l a t i o n  e x i s t s  between th e  
annual in v e r s io n  index  and reduced  v i s i b i l i t y .  This  r e l a t i o n  shou ld
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Figure 3.25
Number of  Hours per Year with V i s i b i l i t y  6 Miles or Less a t  the  Missoula County Airport.
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Number of Hours per Year with V i s i b i l i t y  3 Miles or Less a t  the  Missoula County Airport .
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Figure 3.27
Annual In v e r s io n  Index Versus 6 Mile V i s i b i l i t y  a t  t h e  Missoula  
County A i r p o r t .
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Inversion Index Versus 3 Mile V i s i b i l i t y  a t  t h e  Missoula  County A i r p o r t .
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c e r t a i n l y  be expec ted  s i n c e  i n v e r s io n s  c r e a t e  c o n d i t i o n s  o f  a tm ospher ic  
s t a g n a t io n .  Under a tm o sp h e r ic  s t a g n a t i o n  p o l l u t a n t s ,  e s p e c i a l l y  p a r t i c u ­
l a t e s ,  accumulate  and l e a d  t o  a t t e n u a t i o n  o f  v i s i b l e  r a d i a t i o n  and r e ­
duction  o f  v i s i b i l i t y .  The r e d u c t io n  in  p a r t i c u l a t e  l e v e l s  s fn c e  1969 
i s  r e f l e c t e d  in  i n c r e a s e d  v i s i b i l i t y  in  t h e  Missoula  V a l ley .
An i n c r e a s e  i n  a tm o sph e r ic  w a te r  vapor and p a r t i c u l a t e  could  a l s o  
e f f e c t  c loud  co ver .  In c r e a s e d  w a te r  c o n te n t  and n u c le i  could lead  to  an 
in c re ase  in  c loud f o r m a t io n  th rough  c o a le sce n ce  and co nd en sa t io n .  F igure  
3.29 shows th e  average  sky  cover  from s u n r i s e  to  s u n s e t  f o r  Missoula f o r  
the per iod  from 1951 t o  1971. Sky cover  i s  g iven  a r a t i n g  from 0 to  10.
A r a t in g  o f  0 i s  a c o m p le te ly  c l e a r  sky w h i le  10 i s  e n t i r e l y  o v e r c a s t .
Clear days have a sky c o v e r  r a t i n g  o f  0 t o  3 ,  p a r t l y  c loudy days range 
from 4 to  7 ,  and h ig h e r  r a t i n g s  a r e  c o n s id e re d  c loudy .  There i s  no a p p a ren t  
trend in sky cover in  t h e  Missoula  V a l le y .  Because o f  th e  n a tu re  of  th e  
r a t in g  s c a l e  any i n c r e a s e  in  sky cover  would have t o  be q u i t e  d ram a t ic  
before i t  would be e v i d e n t  in  t h e  annual  ave rage .  The c loud c e i l i n g ,  or  
d is tance  from th e  base  o f  t h e  c louds t o  t h e  ground,  can a l s o  be m odif ied  
by human a c t i v i t i e s .  Human a c t i v i t i e s  produce high c o n c e n t r a t i o n s  of  
nuclei c lo s e  to  t h e  s u r f a c e  o f  th e  E a r t h .  These n u c le i  p lus  w a te r  vapor 
permit the  fo rm at ion  o f  c lo ud s  a t  lower l e v e l s  o f  t h e  a tmosphere .  Hence, 
human a c t i v i t i e s  can lea d  t o  a lowering  o f  th e  c loud c e i l i n g .  The number 
of hours per  y e a r  w i th  c lo u d  c e i l i n g  lower than 5000 f e e t  a t  t h e  Missoula 
County A i rp o r t  f o r  t h e  p e r io d  1951 t o  1964 i s  shown in  f i g u r e  3 .30 .
During the  pe r iod  from 1951 to  1957 t h e r e  was an average  o f  1804 hours pe r  
year with cloud c e i l i n g  l e s s  than  5000 f e e t .  From 1958 to  1964 th e  average  
the average was 1916 hours  pe r  y e a r .  Cumulative c loud c e i l i n g  summaries
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Figure 3.29
Average Sky Cover Sunrise to Sunset at the Missoula County Airport, 1951 - 1971.
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Figure 3.30
Number o f  Hours pe r  Year w i th  Cloud C e i l i n g  Less Than 5000 Fee t  a t  th e  
Missoula County A i r p o r t .
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have n o t  been p u b l i s h e d  in  t h e  monthly lo ca l  c l i m a t o l o g i c a l  d a ta  summary 
s in ce  1964. The number o f  days p e r  y e a r  w i th  c loud c e i l i n g  l e s s  than 
6000 f e e t  d u r ing  t h e  e n t i r e  tw e n ty - f o u r  hour p e r io d  i s  shown in  f i g u r e  
3.31 f o r  1961 to  1971. An i n c r e a s e  in  th e  number o f  days with* cloud 
c e i l i n g  l e s s  than  6000 f e e t  s i n c e  1961 i s  r e a d i l y  a p p a r e n t .  Data p r i o r  
to  1961 i s  not  a v a i l a b l e  in  t h e  monthly loca l  c l i m a t o lo g i c a l  d a ta  summary.
P a r t i c u l a t e  m a t t e r  can have a major  e f f e c t  on incoming s o l a r  
r a d i a t i o n .  Numerous s t u d i e s  have shown t h a t  s o l a r  r a d i a t i o n  i s  reduced 
d ram a t ica l ly  by suspended p a r t i c u l a t e  m a t t e r  Landsberg concluded t h a t  
a c i t y  w i l l  r e c e i v e  a bou t  20 p e r c e n t  l e s s  d i r e c t  s o l a r  r a d i a t i o n  than 
the surrounding  c o u n t r y s id e  on an annual  a v e r a g e . ^2 Incoming s o l a r  
r a d i a t i o n  i s  reduced most  in  high l a t i t u d e  c i t i e s  in  th e  Winter-  Since 
the sun angle  i s  low a t  t h i s  t ime t h e  path  o f  l i g h t  through th e  p a r t i c u ­
l a t e  i s  longer  and hence th e  a t t e n u a t i o n  o f  th e  r a d i a t i o n  i s  in c r e a s e d .
There a re  no measurements o f  incoming s o l a r  r a d i a t i o n  made a t  
Missoula, Montana. This i s  u n f o r t u n a t e  s i n c e  t ime s e r i e s  s o l a r  r a d i a t i o n  
measurements could g iv e  a good i n d i c a t i o n  o f  th e  i n f lu e n c e  o f  human 
a c t i v i t i e s .  The annual average  p e r c e n t  p o s s i b l e  sun sh in e  f o r  Missoula 
i s  shown in  f i g u r e  3 .3 2 .  P e rc e n t  o f  p o s s i b l e  sun sh ine  i s  a measure o f  
the length  o f  t ime t h e  sun i s  s h i n i n g  compared to  t h e  t h e o r e t i c a l  max­
imum. I t  i s  no t  a measure  o f  s o l a r  ene rg y .  There i s  no a p p a ren t  t r e n d  
in percen t  p o s s ib l e  su n s h in e  in  th e  Missoula  V a l ley .
U rban iza t ion  can a l s o  modify wind speed and wind d i r e c t i o n .  Wind 
speeds in urban a re a s  a r e  l e s s  than  r u r a l  l o c a t i o n s  and winds tend  to  
converge toward urban a r e a s .  The two f a c t o r s  mainly  r e s p o n s i b l e * f o r  t h i s  
s i t u a t i o n  a re  th e  urban  h e a t  i s l a n d  e f f e c t  and t h e  t u r b u le n c e  and f r i c t i o n  *
6 0
5 0
4 0
30-
20 .
1967 1968 1970 19711966 19691964 196519631961 1962
S
I
Figure 3.31
Number of Days per Year with Cloud Ceiling Less Than 6000 Feet a t  the  Missoula County Airpor t .
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Figure 3.32
Annual Average P ercen t o f  P o ss ib le  Sunshine a t  th e  Missoula County A irp o r t ,  1951 -  1971.
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c re a te d  by b u i l d i n g s .  There  i s  no comparison d a ta  a v a i l a b l e  in  Missoula 
fo r  wind speed and wind d i r e c t i o n .  The annual average  wind speed recorded  
a t  the  Missoula  County A i r p o r t  i s  shown in  f i g u r e  3 .3 3 .  The p r e v a i l i n g  
monthly wind d i r e c t i o n  from 1964 t o  1971 i s  g iven in  f i g u r e  3 .34 .  Both 
wind speed and wind d i r e c t i o n  a r e  im p o r ta n t  in  de te rm in ing  p o l l u t a n t  
c o n c e n t r a t io n s  in  t h e  M issoula  V a l ley  and w i l l  be c o n s id e re d  f u r t h e r  in  
Chapter Four.
In t h i s  c h a p t e r  we have d em ons t ra ted  th e  m o d i f i c a t io n  o f  seve ra l  
c l im a t ic  v a r i a b l e s  which may be a s s o c i a t e d  w i th  human a c t i v i t y .  I t  i s  
easy to  assume t h a t  human a c t i v i t y  i s  r e s p o n s i b l e  f o r  c l i m a t i c  m o d i f i c a t io n  
but i t  i s  much more d i f f i c u l t  t o  u n e q u iv o c a l ly  prove t h a t  f a c t .  The 
behavior over  time o f  a s p e c i f i c  c l i m a t i c  v a r i a b l e  i s  in f lu e n c e d  by so 
many f a c t o r s  t h a t  i t  i s  o f t e n  d i f f i c u l t  t o  s e p a r a t e  th e  v a r io u s  v a r i a b l e s  
without d e t a i l e d  s t a t i s t i c a l  a n a l y s i s .
We have g e n e r a l l y  r e l i e d  on a twenty y e a r  c l i m a t i c  r e c o rd .  The 
s ig n i f i c a n c e  o f  a twenty  y e a r  c l i m a t i c  r e c o rd  i s  c e r t a i n l y  an open q u e s t io n  
when one co n s id e r s  th e  v a r i a b l e  n a tu r e  o f  c l im a te  in g e o lo g ic  t im e.  We 
have compared s e v e r a l  M issou la  c l i m a t i c  v a r i a b l e s  w i th  s t a t i o n s  t h a t  were 
“c l i m a t i c a l l y  s i m i l a r "  In a c t u a l i t y  i t  i s  very  d i f f i c u l t  t o  f i n d  s t a t i o n s  
which a re  " c l i m a t i c a l l y  s i m i l a r "  and comparisons a re  sometimes o f  q u e s ­
t io n ab le  v a l i d i t y .  We have a l s o  r e l i e d  on e x i s t i n g  d a ta  from th e  United 
S ta tes  Weather S e r v i c e  f o r  a l l  our  c a l c u l a t i o n s .  To u n e q u iv o c a l ly  document 
various c l i m a t i c  e f f e c t s  such as th e  " h e a t  i s l a n d "  e f f e c t  would r e q u i r e  a 
d e ta i l e d  g r id  o f  m e te o r o lo g ic a l  i n s t r u m e n t a t i o n  and c o n s i d e r a b l e  e x p e r i ­
mental des ign .  A lso ,  many c l i m a t i c  e f f e c t s  caused by human a c t i v i t i e s  
are n o t i c a b l e  only on a "micro" s c a l e  and a re  n o t  v i s i b l e  in th e  c l i m a t i c  ‘
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Figure 3.33
Annual Average Wind Speed a t  th e  M issoula County A irp ro t ,  1951 -  1971.
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Figure 3.34
Prev a i l in g  Wind Direct ion in Tens o f  Degrees from True North, 1964 - 1971 -  Missoula County Airpor t .
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h i s t o r y  o f  a s i n g l e  s t a t i o n  l o c a t i o n .
In t h i s  s tu d y  we have a t t em p ted  t o  g a th e r  and summarize the  
e x i s t i n g  c l i m a t i c  i n f o r m a t io n  f o r  t h e  Missoula  V a l ley .  We have p l o t t e d  
t h i s  time s e r i e s  d a t a  t o  d e te rm in e  t h e  r e c e n t  c l i m a t i c  h i s t o r /  o f  th e  
Missoula V a l ley .  We b e l i e v e  t h a t  human a c t i v i t i e s  a re  a s s o c i a t e d  with 
the r e c e n t  c l i m a t i c  f l u c t u a t i o n s  in  t h e  Missoula  a r e a .  To prove a d e f i n i t e  
cause and e f f e c t  r e l a t i o n s h i p  between human a c t i v i t i e s  and c l i m a t i c  
v a r i a t i o n  in  th e  M issou la  Region would r e q u i r e  f a r  more s o p h i s t i c a t e d  
s t a t i s t i c a l  a n a l y s i s  and d e t a i l e d  o r i g i n a l  e x p e r im e n ta t io n .
Chapter  4 
SMOKE AND FOG
In Chapter  Three we d i s c u s s e d  t h e  e f f e c t s  o f  human a c t i v i t i e s  on 
various c l i m a t i c  p a ra m e te r s .  The United S t a t e s  Weather Bureau a t  the  
Missoula County A i r p o r t  a l s o  r e c o rd s  hour ly  and t h r e e  h o u r ly  o b se rv a t io n s  
of weather c o n d i t i o n s .  One o f  th e  c a t e g o r i e s  o f  w eather  c o n d i t i o n s  i s  
smoke and /o r  haze.  Smoke a t  th e  Missoula  A i r p o r t  i s  e n t i r e l y  due t o  
human a c t i v i t y  in  t h e  V a l ley  w i th  th e  minor e x cep t io n  o f  smoke from n a tu r a l  
f o r e s t  f i r e s  in  th e  summer. Smoke o b s e r v a t io n s  have been pub l ished  in  th e  
local c l im a to lo g i c a l  d a ta  monthly summary f o r  Missoula  in  some form s in c e  
July 1956. Figure  4 .1  shows th e  number o f  hours per  y e a r  with  smoke a n d /o r  
haze recorded a t  th e  M issoula  A i r p o r t  from 1957 to  1964. Cumulative hour ly  
t o t a l s  were no t  p u b l i s h e d  a f t e r  1964. Approximately s i x t y  hours o f  smoke 
and haze were r eco rded  in  1957 In 1962 over  1300 hours o f  smoke and haze 
were recorded .  This  i n c r e a s e  can c e r t a i n l y  be d e s c r ib e d  as d ram a t ic .  The 
r i s e  p a r a l l e l s  th e  i n d u s t r i a l i z a t i o n  o f  th e  Missoula  Val ley  and th e  i n c r e a s e  
in smoke must be c o n s id e r e d  one o f  th e  e f f e c t s  o f  i n d u s t r i a l i z a t i o n .  The 
monthly number o f  hours  w i th  smoke a n d /o r  haze i s  shown in  f i g u r e  4 .2 .
The number o f  hours o f  smoke peak in  th e  w i n t e r  months w ith  minimal smoke
T*
during the  summer- I n v e r s io n  f req u en cy  and d u r a t i o n  s i m i l a r l y  peak d u r ing  
the Winter- The lack  o f  smoke o b s e r v a t i o n s  d u r ing  th e  summer months a l s o  
ind ica tes  t h a t  t h e  smoke from f o r e s t  f i r e s  i s  n o t  a major  c o n t r i b u t o r  to
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Figure 4.1
Number of Hours per Year of Smoke and Haze Recorded a t  the U.S. Weather Bureau 
A irpor t .
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Number of Hours per Month with Smoke and Haze Recorded a t  the  U.S. Weather Bureau — Missoula County 
A irpor t .
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th e  t o t a l .  Smoke from man caused s l a s h  burn ing  may add t o  Fal l  t o t a l s  
however. The number o f  days w i th  smoke and haze i s  shown in  f i g u r e  4 .3  
f o r  th e  p e r io d  from 1961 t o  1971. Again d a i l y  t o t a l s  a r e  not  p u b l ish ed  
p r i o r  to  1961. The d e c l i n e  in  smoke and haze days s i n c e  1969 " p a r a l l e l s  
th e  v i s i b i l i t y  and fog d a t a  and i s  p robably  i n f lu e n c e d  by the  d ec rease  
in i n v e r s io n  index .
In an a t t em p t  t o  d e te rm ine  th e  m e teo ro lo g ica l  c o n d i t i o n s  a s s o c i a t e d  
with smoke and haze a t  t h e  M issoula  County A i r p o r t  th e  o b s e r v a t io n s  o f  
smoke and haze from September 1969 t o  December 1971 have been c a r e f u l l y  
analyzed. For comparison th e  o b s e r v a t io n s  o f  fog d u r ing  th e  same' t ime 
period were a l s o  s t u d i e d .  A t o t a l  o f  330 t h r e e  hour o b s e r v a t io n s  o f  smoke 
and/or haze were s t u d i e d  along w i th  419 fog o b s e r v a t i o n s .  A t o t a l  o f  12.1 
percent  o f  t h e  days between September 1969 and December 1971 had smoke 
and/or haze reco rded  sometime du r ing  th e  day. Heavy f o g ,  ground fo g ,  o r  
ice  fog was observed  sometime d u r in g  16.8  p e rc e n t  o f  t h o s e  days. Smoke 
and fog o ccur red  t o g e t h e r  on 8 .2  p e r c e n t  o f  th e  days.
The r e l a t i o n  between smoke a n d /o r  haze o b s e r v a t io n s  a t  th e  a i r p o r t  
and the  p a r t i c u l a t e  l e v e l s  r e c o rd ed  a t  th e  Missoula  County Courthouse i s  
i n t e r e s t i n g .  On days when smoke a n d /o r  haze was reco rded  a t  th e  a i r p o r t  
the tw en ty - fou r  hour a v e rag e  p a r t i c u l a t e  leve l  a t  th e  cour tho u se  was 
146 ug/M^, a lmost  tw ice  t h e  f e d e r a l  and s t a t e  annual average  s t a n d a r d .
The average f o r  days w i th  fog was 119 ug/Mp and th e  average  f o r  a l l  days 
from September 1969 t o  December 1971 was 114 ug/M^ a t  th e  cou r th o use .
The p a r t i c u l a t e  a v e rage  on smoke days i s  a lm ost  28 p e r c e n t  h ig h e r  than  th e  
average f o r  a l l  days and would be even h i g h e r  i f  smoke days were-compared 
to days w i th o u t  smoke. S e v e ra l  c o n c lu s io n s  may be drawn from th e s e
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Figure 4.3
Number of Days per Year with Smoke and Haze Recorded a t  the  U.S. Weather Bureau — Missoula County 
A irpo r t .
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o b s e r v a t io n s .  F i r s t  we can conclude  t h a t * t h e  m e te o ro lo g ic a l  c o n d i t i o n s  
r e s p o n s ib l e  f o r  smoke and haze  a r e  conducive t o  a tm ospher ic  p a r t i c u l a t e  
loading .  Secondly we can assume t h a t  o b s e r v a t io n s  o f  smoke a t  th e  a i r p o r t  
are i n d i c a t i v e  o f  e l e v a t e d  p a r t i c u l a t e  l e v e l s  th roughou t  th e  V a l ley  s in c e  
the courthouse  and th e  a i r p o r t  a r e  over  s i x  m i le s  a p a r t .  F i n a l l y  we can 
assume t h a t  th e  p re s e n c e  o f  fog i s  n o t  an i n d i c a t o r  o f  e l e v a t e d  p a r t i c u l a t e  
l e v e l s .
The f i r s t  m e te o r o lo g ic a l  v a r i a b l e  s t u d i e d  in  a s s o c i a t i o n  with 
smoke and fog was wind. Both wind speed and wind d i r e c t i o n  could be s i g ­
n i f i c a n t  f a c t o r s  e f f e c t i n g  t h e  o b s e r v a t i o n  o f  smoke a t  t h e  a i r p o r t .  The 
average wind speed d u r in g  smoke o b s e r v a t io n s  was 2 .4  m ile s  per  hour  The 
average wind speed f o r  fog  o b s e r v a t i o n s  was^ 2 .6  m i le s  pe r  hour As a 
comparison th e  annual a v e ra g e  wind speed  a t  th e  a i r p o r t  in  1970 was 6 .0  
miles per  hour and in  1971 was 6 .8  m i le s  p e r  hour These low wind speeds 
are g e n e r a l l y  a s s o c i a t e d  w i th  s t r o n g  in v e r s io n  c o n d i t i o n s  as was demon­
s t r a t e d  in  Chapter  Three .  The w indrose  f o r  smoke and fog o b s e r v a t io n s  
are shown in  f i g u r e s  4 .4  and 4 . 5 .  F igure  4 .6  g ives  th e  p e rcen tag e  f r e ­
quency f o r  smoke and fog o b s e r v a t i o n  in  t h e  v a r io u s  q u a d ra n t s .  In f i g u r e  
4.7 the  c o o rd in a te s  were r o t a t e d  t o  confi rm  more t o  th e  topography o f  th e  
Valley. I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  p e rcen ta g e  f requency  o f  wind 
d i rec t io n  f o r  smoke o b s e r v a t i o n s  and fog o b s e r v a t io n s  i s  a lm ost  i d e n t i c a l .  
In both cases over  60 p e r c e n t  o f  th e  o b s e r v a t i o n s  o f  smoke and fog o ccu r red  
with wind d i r e c t i o n  e i t h e r  calm o r  from t h e  n o r th w e s t .  S i m i l a r l y  over  60 
percent o f  both th e  smoke and fog o b s e r v a t i o n s  o ccu r red  when th e  wind was 
calm or  up th e  Clark Fork V a l l e y .  From September 1969 to  Decembér 1971 
the monthly p r e v a i l i n g  wind d i r e c t i o n  was from th e  n o r th w e s t  in  n e a r ly
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Figure 4 .4
Windrose f o r  Smoke O b s e r v a t i o n s ,  Missoula  County A i r p o r t ,  Sep. 1969 - 
Dec. 1971.
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Figure 4 .5
Windrose f o r  Fog O b s e r v a t i o n s ,  Missoula  County A i r p o r t ,  Sep. 1969 
Dec. 1971.
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quadrant PERCENT OF ALL OBSERVATIONS PERCENT OF ALL OBSERVATIONS
SMOKE FOG
Calm (0) 29 .7 30.7
1- 9 7 .0 6 .7
10-18 19.1 17.7
19-27 15.2 16.3
28-36 29.1 28.5
Figure 4 .6
Percentage Frequency o f  Smoke and Fog O bserva t ions  in  Various Quadrants.
QUADRANT PERCENT OF ALL OBSERVATIONS PERCENT OF ALL OBSERVATIONS
SMOKE FOG
Calm 29.7 30.7
33- 5 12.1 12.0
6-14 16.1 15.6
15-23 12.1 10.8
24-32 30.0 30.9
Figure 4.7
Percentage Frequency o f  Smoke and Fog O b se rva t ion s  in  Various Quadrants 
(Rotated Coordinate  Sys tem ).
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80 p e rc e n t  o f  th e  months. I t  i s  u n f o r t u n a t e  t h a t  the  i n d u s t r i a l  d eve lop ­
ment in  t h e  Missoula  V a l ley  a l s o  fo l lo w s  t h e  v a l l e y  west  and no r thw es t  o f  
the  c i t y .
The r e l a t i v e  hum id i ty  a s s o c i a t e d  w i th  smoke and fog o b s e rv a t io n s  
was a l s o  de te rm ined .  The r e l a t i v e  hum idi ty  o c c u r r in g  w ith  smoke o b s e r ­
va t ions  a t  th e  a i r p o r t  averaged  91 p e r c e n t .  The r e l a t i v e  humidity  f o r  
fog o b se rv a t io n s  was 96 p e r c e n t .  One would expec t  high r e l a t i v e  humidity  
with fo g ,  however th e  91 p e r c e n t  r e l a t i v e  humidi ty  f o r  smoke o b se rv a t io n s  
seems unusua l .  The h igh  r e l a t i v e  hum idi ty  f o r  smoke o b s e r v a t io n s  may 
perhaps be e x p la in e d  by t h e  f a c t  t h a t  most o f  t h e  smoke o b s e rv a t io n s  
occurred in  th e  W in te r  when high r e l a t i v e  humidi ty  i s  a n a tu r a l  o ccu r ren c e .  
The "normal" r e l a t i v e  hum id i ty  a t  th e  a i r p o r t  du r ing  November, December, 
January- and February  i s  over  80 p e rc e n t  w i th  n ig h t t im e  read ing s  o f t e n  
averaging over 90 p e r c e n t .  In a lm ost  34 p e r c e n t  o f  th e  smoke o b s e rv a t io n s  
the  a s s o c i a t e d  r e l a t i v e  hum id i ty  was l e s s  than  90 p e rc e n t  w hi le  13 p e rc e n t  
of the  fog o b s e r v a t io n s  had r e l a t i v e  humidi ty  r ea d in g s  l e s s  than 90 p e r ­
cent.  The r e l a t i v e  hu m id i ty  a t  which condensa t ion  and fog can occur  d e ­
pends on the  s i z e ,  t y p e ,  and number o f  n u c le i  p r e s e n t  in  th e  a tmosphere.  
Large, abundant ,  h y g ro sc o p ic  n u c le i  inhance  c o n d en sa t io n .  One could  e x p ec t  
t h a t  the  observance  o f  fog a t  r e l a t i v e  h u m id i t i e s  below s a t u r a t i o n  i s  due 
to  a tmospheric  p a r t i c u l a t e  m a t t e r ,  p a r t i c u l a r l y  s i n c e  smoke o b s e rv a t io n s  
are a lso  a s s o c i a t e d  w i th  high r e l a t i v e  hum id i ty .
In v e rs io n  c o n d i t i o n s  a r e  a l s o  a s s o c i a t e d  w i th  smoke and fog o b s e r ­
vations a t  the  M issou la  A i r p o r t .  I n v e r s io n  c o n d i t i o n s  were r e p o r te d  on 
93 percent  o f  th e  days w i th  smoke o b s e r v a t i o n s  and on 79 p e r c e n t ' o f  the  
days with fog o b s e r v a t i o n s .  The average  1200 M d i f f e r e n c e  in  t e m p e ra tu re
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between T.V. Mountain and t h e  M issoula  A i r p o r t  on days w ith  smoke o b s e r ­
va t ions  was 2 .2°F  and on days w i th  fog o b s e r v a t io n s  was 4 .8 °F .  In v e r s io n  
cond i t ions  e x i s t  when t h i s  d i f f e r e n c e  in  t e m p e ra tu re  i s  l e s s  than  12.6®F- 
The r e l a t i o n s h i p  between fog  and in v e r s io n  c o n d i t io n s  was expected  and 
indeed in v e r s io n  c o n d i t i o n s  g r e a t l y  inhance  th e  fo rm at ion  o f  ground fog .  
One would a l s o  e x p ec t  i n v e r s i o n s  t o  be a s s o c i a t e d  w i th  smoke o b s e r v a t i o n s ,  
however, t h e  observed  r e l a t i o n  was c e r t a i n l y  d ram a t ic  s i n c e  in v e r s io n  
condit ions  were even s t r o n g e r  f o r  smoke days than  f o r  fog days .  The ex­
i s ten ce  of  an i n v e r s io n  seems t o  be a p r e r e q u i s i t e  f o r  th e  o b s e r v a t io n  of 
smoke a t  the  a i r p o r t  and t e m p e r a tu re  i n v e r s io n  may be th e  c o n t r o l l i n g  f a c ­
to r  in smoke accum ula t io n .  We must em phasize ,  however,  t h a t  t e m p era tu re  
invers ions  do n o t  cause  t h e  o b s e r v a t i o n  o f  smoke a t  the  a i r p o r t .  Human 
a c t i v i t y  c r e a t e s  t h e  smoke which then  may accumulate  under i n v e r s io n  
cond i t ions .  I f  t h e r e  were no smoke i t  could  not  accumulate .
Chapte r  5 
POLLUTION PREDICTION
In t h i s  c h a p t e r  t h e  m e te o ro lo g ic a l  c o n d i t i o n s  a s s o c i a t e d  with  
p a r t i c u l a t e  a i r  p o l l u t i o n  w i l l  be d i s c u s s e d  in  d e t a i l .  For th e  purposes 
of t h i s  c h a p te r  we w i l l  assume t h a t  t h e  p a r t i c u l a t e  load  in  th e  Missoula 
Valley i s  c o n s ta n t  and t h a t  m e te o ro lo g ic a l  c o n d i t i o n s  a re  r e s p o n s ib l e  f o r  
the v a r i a t i o n  in  p a r t i c u l a t e  l e v e l s .  D e ta i l e d  p a r t i c u l a t e  reco rds  a re  
ava i lab le  from th e  c o u r th ou se  sampling l o c a t i o n  from September 1969 to  
the p re sen t .  For t h i s  s tu d y  we c o n s id e re d  th e  d a ta  through December 1971. 
We considered th e  fo l lo w in g  m e te o r o lo g ic a l  v a r i a b l e s  in  t h e  s tu d y ;  wind 
speed, tem pera tu re  i n v e r s i o n ,  d e p a r t u r e  from normal t e m p e r a tu re ,  p r e c i p i ­
t a t i o n ,  ba ro m e tr ic  p r e s s u r e ,  p e r c e n t  o f  p o s s i b l e  s u n s h in e ,  cloud c e i l i n g ,  
and r e l a t i v e  hum idi ty .  All m e te o ro lo g ic a l  d a ta  was o b ta in ed  from the  
monthly loca l  c l i m a t o l o g i c a l  summary f o r  M issou la ,  Montana.
The twelve  month p e r io d  from J u l y  1970 to  June 1971 was s tu d i e d  
ex tens ively .  From t h i s  s tu d y  we were a b le  t o  de te rm ine  a number o f  mete­
orological  c o n d i t io n s  which seemed to  be a s s o c i a t e d  w ith  e l e v a t e d  p a r t i c ­
u la te  l e v e l s .  We c o n s i d e r  t h e s e  c o n d i t i o n s  to  be p o l l u t i o n  p r e d i c t i o n  
ca tegor ies .  F igure  5 .1  shows an a n a l y s i s  o f  th e  m e teo ro lo g ica l  c o n d i t io n s  
(po l lu t ion  p r e d i c t i o n  c a t e g o r i e s )  a s s o c i a t e d  w i th  v a r io u s  p a r t i c u l a t e  
levels with a comparison t o  th e  a ve rag es  f o r  a l l  days dur ing  the  p e r io d .
We observe t h a t  below average  wind s p e e d ,  t e m p era tu re  i n v e r s i o n ,  above
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VARIABLE ALL DAYS DAYS PARTIC- DAYS PARTIC­
ULATE 135 ULATE< 60
% days with  wind speed  below 55.3 76 .5  45.6
average f o r  month
% days w ith  i n v e r s io n  d u r in g  55.6 76 .5  41 .1
the day
% days w ith  above monthly  average  53.2 63 .2  44.4
depar tu re  from normal t e m p e ra tu re
% days with  z e ro  o r  t r a c e  6 0 .8  9 3 .5  27.9
r a i n f a l l
% days with  b a ro m e t r i c  p r e s -  46 .6  60 .5  27.9
sure above average  f o r  month
% days with % p o s s i b l e  su n -  51.2  83.0, 21.5
shine above monthly average
% days with u n l im i te d  c e i l i n g  43.0  67 .1  16.5
a t  1100 M
% days with r e l a t i v e  hum id i ty  below 55 .8  73 .7  39 .8
average f o r  month a t  1100 M
% days with 6 o r  more o f  th e  35.1  65 .8  2 .5
above c a t e g o r i e s  p r e s e n t
Figure 5.1
Pol lu t ion  P r e d i c t i o n  V a r i a b l e s ,  J u l y  1970 - June 1971,
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average d e p a r t u r e  from normal t e m p e r a t u r e ,  ze ro  r a i n f a l l ,  above average  
barom etr ic  p r e s s u r e ,  above average  p e r c e n t  p o s s i b l e  s u n s h in e ,  u n l im i te d  
cloud c e i l i n g ,  and below average  r e l a t i v e  hum idi ty  a re  a l l  a s s o c i a t e d  
with e l e v a t e d  p a r t i c u l a t e  l e v e l s .  S ix  o f  th e  above c a t e g o r i e s  were p r e ­
sen t  on 65 p e rc e n t  o f  t h e  days w i th  p a r t i c u l a t e  l e v e l s  g r e a t e r  than
135 ug/M3 w hi le  s i x  o r  more c a t e g o r i e s  were p r e s e n t  on only 2 .5  p e rc e n t  
of the  days w i th  p a r t i c u l a t e  l e v e l s  l e s s  th an  60 ug/M3. F igure  5 .2  i s  a 
summary o f  th e  a c tu a l  ave rage  v a lu e  o f  t h e  m e teo ro lo g ica l  v a r i a b l e s  a s s o ­
c ia ted  with th e  p a r t i c u l a t e  l e v e l s .  These va lues  s imply r e i n f o r c e  the  
conclusions from F igu re  5 . 1 .  F igu re  5 .3  g ives  the  p e rcen tage  d e v ia t i o n  
from the a l l  days a v e rage  f o r  t h e  v a r io u s  p o l l u t i o n  p r e d i c t i o n  v a r i a b l e s .  
Similar ly  f i g u r e  5 .4  shows t h e  p e rc en ta g e  d e v i a t i o n  from th e  a l l  days 
average f o r  the  v a r io u s  m e te o ro lo g ic a l  a v e rag e s .  The p o l l u t i o n  p r e d i c t i o n  
categories  and average  m e te o r o lo g ic a l  c o n d i t i o n s  a s s o c i a t e d  w ith  p a r t i c u ­
l a te  l ev e ls  g r e a t e r  than  260 ug/w3 a r e  shown in  f i g u r e s  5 .5  and 5 .6 .
260 ug/M^ i s  th e  f e d e r a l  pr imary  tw e n ty - f o u r  hour  average  p a r t i c u l a t e  
standard and l e v e l s  i n  e x ce ss  may be a hazard  t o  human h e a l t h .  The t r e n d s
displayed in th e  e a r l i e r  d a ta  a r e  even more pronounced on days w ith
p a r t i c u la te  g r e a t e r  than  260 ug/M^ F igu re  5 .7  g iv es  the  pe rcen ta g e  com­
posit ion of th e  p o l l u t i o n  p r e d i c t i o n  c a t e g o r i e s  f o r  v a r io u s  p a r t i c u l a t e  
levels . Figure  5 .7  i n d i c a t e s  t h a t  t h e  number o f  p o l l u t i o n  p r e d i c t i o n  
categories p re s e n t  i n c r e a s e s  s u b s t a n t i a l l y  w i th  i n c r e a s e d  p a r t i c u l a t e  l e v e l s  
The d a ta  p r e s e n t e d  in  f i g u r e  5 .1  t o  5 .7  g iv es  an i n d i c a t i o n  o f  the  
meteorological c o n d i t i o n s  a s s o c i a t e d  w i th  high a tm osp he r ic  p a r t i c u l a t e  
levels. Low wind s p e e d ,  t e m p e ra tu re  i n v e r s i o n ,  z e ro  r a i n f a l l ,  and high 
arometric p re s s u re  seem t o  be most a s s o c i a t e d  w i th  high  p a r t i c u l a t e  l e v e l s .
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VARIABLE ALL DAYS DAYS PARTIC- DAYS PARTIC-
ULATE> 135 U LATE < 6 0
Average wind speed (mph) 6 .4  5 .3  7 .0
Average d e p a r tu r e  from +1.5  +3.5  +1.0
normal t em pera tu re  (°F)
P r e c i p i t a t i o n  — d a i l y  .037 .0039 .074
average ( in c h e s )
Average b a ro m e tr i c  p r e s s u r e  26.70 26 .78  26.59
(inches o f  Mercury)
Average p e rc e n t  p o s s i b l e  56 75 32
sunshine
Average r e l a t i v e  hum id i ty  63 56 73
1100 M (%)
Figure 5.2
Average M eteo ro log ica l  C ond i t io n s  A s so c ia t e d  w ith  P a r t i c u l a t e  Levels — 
Missoula, Montana.
Generally th e  number o f  p o l l u t i o n  p r e d i c t i o n  c a t e g o r i e s  p re s e n t  i n c r e a s e  
as the p a r t i c u l a t e  leve l  i n c r e a s e s .  A s t a b l e  high p r e s s u r e  system seems 
to be most conducive t o  p a r t i c u l a t e  accum ula t ion .  P a r t i c u l a t e  l e v e l s  
increase  s t e a d i l y  as th e  high p r e s s u r e  system remains over the  Missoula  
Valley.
In an a t tem p t  to  more th o u rou g h ly  document t h e  r e l a t i o n s h i p  b e ­
tween m eteo ro log ica l  v a r i a b l e s  and a tm osp h e r ic  p a r t i c u l a t e  l e v e l s  the  
s t a t i s t i c a l  c o r r e l a t i o n  between p a r t i c u l a t e  l e v e l s  and c e r t a i n  m eteoro­
logical  v a r i a b l e s  was d e te rm in e d .  The l i n e a r  l e a s t  sq u a res  s l o p e ,  Y i n t e r ­
cept ,  c o r r e l a t i o n  c o e f f i c i e n t  and s t a n d a r d  d e v i a t i o n  were dete rmined  f o r  
the da i ly  p a r t i c u l a t e  l e v e l  v e r s u s  s e v e r a l  m e te o ro lo g ic a l  v a r i a b l e s .  The
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VARIABLE PERCENT DEVIATION 
FROM ALL DAYS AVER­
AGE DAYS PARTICULATE 
. > 1 3 5
PERCENT DEVIATION 
FROM ALL DAYS AVER­
AGE DAYS PARTICULATE 
< 6 0
% days w ith  wind speed  below 
average f o r  month
% days with  i n v e r s i o n  d u r in g  
the day
% days with above monthly  
average d e p a r t u r e  from normal 
temperature
% days with  ze ro  o r  t r a c e  
r a i n f a l l
% days with b a ro m e t r i c  p r e s s u r e  
above average f o r  month
% days with % p o s s i b l e  s u n s h in e  
above monthly average
% days with u n l im i te d  c loud  
ce l l ing  a t  1100 M
% days with r e l a t i v e  h u m id i ty  
below average f o r  month 1100 M
% days with 6 o r  more o f  t h e  
above c a t e g o r i e s  p r e s e n t
3 9 .4  
37.6  
18.8
53.0 
29 .8  
•62.2
56.0
32.1
87.5
-1 7 .5
-26 .1
- 1 6 .7
-53 .3
-4 0 .1
-5 8 .1
-61 .6
-28 .7
-9 3 .5
Figure 5 .3
Pol lu t ion  P r e d i c t i o n  V a r i a b l e s  
July 1970 - June 1971.
- -  D e v i a t i o n  From A l l  Days Average
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VARIABLE PERCENT DEVIATION 
FROM ALL DAYS AVER­
AGE DAYS PARTICULATE 
> 1 3 5
PERCENT DEVIATION 
FROM ALL DAYS AVER­
AGE DAYS PARTICULATE 
< 6 0
Average wind speed
Average d e p a r tu r e  from 
normal t em pera tu re
P r e c i p i t a t i o n  - -  d a i l y  
average
Average ba rom e tr ic  p r e s s u r e
Average p e rc e n t  p o s s i b l e  
sunshine
Average r e l a t i v e  hum id i ty  
1100 M
-1 7 .2
133
-8 9 .5
.29
34
- 11.1
9 .4
-33
100
- .4 1
-43
15.9
Figure 5 .4
Average Meteoro log ica l  C o n d i t io ns  A sso c ia ted  w ith  P a r t i c u l a t e  Levels - -  
Deviation From All Days Average - -  J u l y  1970 - June 1971, M issou la ,  Montana.
meteorological v a r i a b l e s  s t u d i e d  in c lu d e d  t h e  d a i l y  average  wind speed ,  
daily  average b a ro m e t r ic  p r e s s u r e ,  d a i l y  p e r c e n t  o f  p o s s i b l e  s u n s h in e ,  
daily  r a i n f a l l ,  d a i l y  d e p a r t u r e  from normal t e m p e r a tu re ,  1100 M r e l a t i v e  
humidity, and 1200 M d i f f e r e n c e  in  t e m p e ra tu re  between T.V Mountain and 
the a i r p o r t .  Output  was o b t a i n e d  f o r  each month from September 1969 to  
December 1971 f o r  th e  c o u r th o u s e  p a r t i c u l a t e  sampling l o c a t i o n .  Output  
was a lso  obta ined  f o r  t h e  F o r t  M issoula  and a i r p o r t  p a r t i c u l a t e  sampling 
locations from February th rough  December 1971. All o f  th e  c a l c u l a t i o n s  
were performed on an IBM 1620 computer  on t h e  U n i v e r s i t y  o f  Montana campus.
The l i n e a r  l e a s t  sq u a re s  c a l c u l a t i o n  de te rm in es  th e  b e s t  s t r a i g h t  
l ine  through a s e r i e s  o f  p o i n t s .  The l e a s t  sq u a res  s lo p e  and Y i n t e r c e p t
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VARIABLE days PARTICULATE > 2 6 0
% days with wind speed 87.5
below average f o r  month
% days w ith  i n v e r s i o n  d u r in g  87 .5
the day
% days with  above monthly  4 3 .8
average d e p a r tu r e  from normal
temperature
% days with  ze ro  o r  t r a c e  93.9
r a i n f a l l
% days with b a ro m e t r i c  p r e s s u r e  75.0
above average f o r  month
% days with % p o s s i b l e  s u n s h in e  75.0
above monthly average
% days with u n l im i te d  c lo u d  56.3
ce i l ing  a t  1100 M
% days with  r e l a t i v e  hum id i ty  65.7
below average f o r  month 1100 M
% days with 6 o r  more o f  th e  62 .4
above c a te g o r ie s  p r e s e n t
Figure 5 .5
Pollu t ion P r e d i c t io n  V a r i a b l e s  - -  Days w i th  P a r t i c u l a t e  Level G re a te r  
Than 260 ug/M^ — September 1969 - December 1971, M issou la ,  Montana.
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VARIABLE ALL DAYS DAYS PARTICULATE
>  260 ug/MJ
Average wind speed 6 . 4  4 .0
Average d e p a r tu r e  from 1 .5  2 .1
normal tem p era tu re
P r e c i p i t a t i o n  ( d a i l y  .037 .0031
average)
Average ba ro m e tr ic  26.70 26.86
pressure
Average % p o s s ib l e  56 69
sunshine
Average r e l a t i v e  hu m id i ty  63 66
Figure 5.6
Average M e teo ro lo g ica l  C o n d i t io ns  A s so c ia te d  w ith  P a r t i c u l a t e  Levels 
Greater Than 260 ug/M — September 1969 -  December 1971, M issou la ,  Montana.
give the  equa t ion  f o r  t h a t  l i n e .  The c o r r e l a t i o n  c o e f f i c i e n t  g ives  a 
measure of th e  "randomness" o f  th e  p o i n t s  abou t  th e  l e a s t  squa res  l i n e .
The c o r r e l a t i o n  c o e f f i c i e n t  ranges  in  va lue  from -1 to  +1. A c o r r e l a t i o n  
c o e f f i c i e n t  o f  -1 i n d i c a t e s  an i n v e r s e  l i n e a r  r e l a t i o n s h i p  w h i le  a c o r ­
r e la t io n  of  +1 i n d i c a t e s  a p o s i t i v e  l i n e a r  r e l a t i o n s h i p .  A c o r r e l a t i o n  
c o e f f i c i e n t  o f  ze ro  i n d i c a t e s  t h a t  t h e r e  i s  no l i n e a r  f u n c t i o n a l  r e l a ­
t ionship  between th e  p l o t t e d  v a r i a b l e s .
Figures 5 .8  t o  5 .14  g iv e  t h e  monthly c o r r e l a t i o n  c o e f f i c i e n t  f o r  
p a r t i c u l a te  versus  t h e  v a r io u s  m e te o r o lo g ic a l  v a r i a b l e s .  These computer 
ca lcu la t ions  r e i n f o r c e  t h e  c o n c lu s io n s  from t h e  p o l l u t i o n  p r e d i c t i o n  
ca lcu la t io n s .  We f i n d  t h a t  wind s p e e d ,  r a i n f a l l ,  and te m p e ra tu re  i n v e r s io n  
are inverse ly  c o r r e l a t e d  w i th  p a r t i c u l a t e  l e v e l s  w h i le  b a ro m e tr i c  p r e s s u r e
- 1 0 8 -
Davs with P a r t i c u l a t e  Less Than 60 uq/M3 __ 197 pays
% Days with  0 P o l l u t i o n  P r e d i c t i o n  C a te g o r ie s  P r e s e n t  = 1 0 . 2
1 = 15.7
2 =  22 .8
3 = 25 .4
4 = 12.2
5 = 7 .1
6 = 5 .6
7 = 1.0
8 =  0.0
% Days with 4 o r  more c a t e g o r i e s  p r e s e n t  = 25 .8
% Days with 6 o r  more c a t e g o r i e s  p r e s e n t  = 6.6
Days with P a r t i c u l a t e  G r e a t e r  Than 135 ug/M^ — 198 Days
% Days with 0 P o l l u t i o n  P r e d i c t i o n  C a te g o r ie s  P re s e n t  = 0
1 = 1.5
2 = 5 .0
3 = 11.6
4 = 16.7
5 = 13.1
6 =  21.8
7 = 18.7
8 =  11.6
% Days with 4 o r  more c a t e g o r i e s  p r e s e n t  = 8 1 . 9
% Days with 6 o r  more c a t e g o r i e s  p r e s e n t  = 52.1
■Days with P a r t i c u l a t e  G r e a t e r  Than 260 ug/M^ — 32 Days
% Days with 0 P o l l u t i o n  P r e d i c t i o n  C a te g o r ie s  P r e s e n t  = 0
1 =  0
2 = 0
3 = 9 . 4
4 = 21 .8
5 = 6 .3
6 =  2 1 . 8
7 = 21 .8
8 = 18.8
% Days with 4 o r  more c a t e g o r i e s  p r e s e n t  = 9 0 . 5
% Days with 6 o r  more c a t e g o r i e s  p r e s e n t  = 62 .4
Figure 5.7
Pollution P r e d i c t i o n  C a te g o r ie s  - -  September 1969 - December 1971, 
Missoula, Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 - .1 9 5
OCT - .6 1 4
NOV - . 3 8 8
DEC - .1 8 6
JAN 1970 - .4 5 0
FEB - .2 8 2
MAR - .4 1 4
APR .365
MAY -.0 6 43
JUN - .4 0 0
JUL - .50 0
AUG -.1 5 1
SEP - .4 0 4
OCT - .6 5 2
NOV - .1 8 4
DEC - .4 3 8
JAN 1971 - .31 0
FEB - .5 3 2 - . 1 7 8
MAR -.242 - .39 1 .. - .0820
APR -.0 8 82 - .4 3 3 - .34 6
MAY - .3 5 4 - .4 6 0 - .577
JUN .0596 - .1 4 1 - .11 5
JUL - .4 8 3 - .4 1 2 - .0397
AUG - .1 4 7 - .4 7 3 - .328
SEP - .1 9 3 - .46 0 - .2 7 4
OCT -.197 - .4 1 9 - .31 8
NOV - .1 2 4 - .3 5 8 - .192
DEC - .4 4 8 - .4 9 6 - .3 6 8
Figure 5 .8
C o r re la t io n  C o e f f i c i e n t  — Wind Speed v e r s u s  P a r t i c u l a t e
September 1969 - December 1971,  M i s s o u l a ,  Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 .613
OCT .0310
NOV .486
DEC .170
JAN 1970 .503
FEB .304
MAR .00232
APR .127
MAY .255
JUN .481
JUL .0670
AUG -.4 1 2
SEP .426
OCT .454
NOV .521
DEC .0852
JAN 1971 .476
FEB .440 - .0 6 3 4
MAR .511 .358 • .279
APR .282 .403 .597
MAY -.0 5 37 .160 .462
JUN -.09 0 6 .0833 .0801
JUL - .3 4 4 .0972 .320
AUG -.0 8 2 4 .109 .225
SEP .163 .261 .229
OCT .231 .445 .602
NOV .272 .0255 .0459
DEC .365 .330 .292
Figure 5.9
C o r re la t io n  C o e f f i c i e n t  — B a r o m e t r i c  P r e s s u r e  v e r s u s  P a r t i c u l a t e
September 1969 -  December 1971,  M i s s o u l a ,  Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 - .5 0 3
OCT - .3 0 1
NOV - .0 6 8
DEC - .2 4 9
JAN 1970 - .2 7 6
FEB - .3 0 4
MAR - .3 7 7
APR - .3 2 2
MAY - .3 4 0
JUN - .4 2 2
JUL - .6 1 7
AUG - .2 2 9
SEP - .3 0 5
OCT - .3 9 7
NOV - .2 3 0
DEC - .1 4 8
JAN 1971 - .16 3
FEB - .2 5 2 - .5 1 5
MAR - .3 4 3 - .0779 - .393
APR -.477 - .3 7 1 - .5 5 5
MAY - .3 2 7 - .2 2 9 - .427
JUN - .22 6 - .2 8 8 - .27 1
JUL - .2 3 4 - .3 2 5 - .290
AUG - .2 3 2 - .4 6 4 - .24 5
SEP - .2 9 5 - .3 1 2 - .27 8
OCT .0899 - .1 7 1 - .019
NOV - .5 1 1 - .2 7 2 - .3 9 2
DEC - .2 7 4 - .2 6 8 - .248
Figure 5.10
C o r re la t io n  C o e f f i c i e n t  — R a i n f a l l  v e r s u s  P a r t i c u l a t e
September 1969 -  December 1971 ,  M i s s o u l a ,  Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 .220
OCT .538
NOV .144
DEC .274
JAN 1970 .463
FEB .581
MAR .454
APR .302
MAY .664
JUN .771
JUL .714
AUG .00299
SEP .364
OCT .618
NOV .232
DEC .254
JAN 1971 .266
FEB .331 .00600
MAR .617 .298 .321
APR .501 .514 .655
MAY .583 .609 .630
JUN .517 .597 .467
JUL -.212 .106 .176
AUG .355 .687 .566
SEP .588 .656 .567
OCT .222 .588 .504
NOV .363 .211 .327
DEC -.0459 .210 .236
Figure 5.11
C o r re la t io n  C o e f f i c i e n t  — S u n s h in e  v e r s u s  P a r t i c u l a t e
September 1969 -  December 1971,  M i s s o u l a ,  Montana.
-1 1 3 -
COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 .390
OCT .193
NOV - .3 5 8
DEC - .5 8 2
JAN 1970 - .3 2 3
FEB -.311
MAR -.0 9 97
APR .261
MAY .517
JUN ,749
JUL .347
AUG .571
SEP .467
OCT .364
NOV .0614
DEC - .2 9 7
JAN 1971 - .1 9 8
FEB - .1 4 4 .0916
MAR - .1 7 0 - .2 0 4 5 - .2 4 8
APR .537 .0637 .227
MAY .671 .600 .376
JUN .473 .323 -.120
JUL .295 .288 .510
AUG .235 .342 .153
SEP .316 .178 .178
OCT .383 .305 .445
NOV - .1 4 8 .00733 .147
DEC - .3 0 0 - .5 6 9 - .4 3 1
Figure 5.12
C o r r e l a t io n  C o e f f i c i e n t  —  D e p a r t u r e  from Normal T e m p e ra tu r e  v e r s u s  P a r t i c u l a t e
September 1969 - December 1971 ,  M i s s o u l a ,  Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 - .5 3 2
OCT - .0 9 3 2
NOV -.112
DEC .220
JAN 1970 .294
FEB - .2 2 3
MAR -.0 1 2 7
APR - .4 0 4
MAY - . 6 9 8
JUN - .7 1 5
JUL - .5 1 0
AUG - .5 2 6
SEP - .2 1 8
OCT - .4 1 6
NOV - .1 2 8
DEC .164
JAN 1971 .0112
FEB - .0 1 8 4 - .0297
MAR - .2 9 8 .0794 - .12 3
APR - .5 9 8 - .3 7 8 - .53 2
MAY - .5 0 9 - .4 2 5 - .3 3 7
JUN - .5 8 6 - . 6 1 8 - .4 6 5
JUL - .0368 - .1 5 0 - .2 6 3
AUG - .4 7 2 - .  558 - .4 8 5
SEP - .3 9 1 - .3 0 9 - .4 7 6
OCT - .3 1 7 - .16 1 - .459
NOV - .4 1 0 - .3 3 9 - .491
DEC .0264 .0842 .176
Figure 5.13
C o r re la t io n  C o e f f i c i e n t  —  R e l a t i v e  H um id i ty  v e r s u s  P a r t i c u l a t e
September 1969 -  December 1971,  M i s s o u l a ,  Montana.
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COURTHOUSE AIRPORT FORT MISSOULA
SEP 1969 - .7 2 6
OCT -.682
NOV -.0 8 77
DEC - .4 1 8
JAN 1970 - .3 8 5
FEB - .2 8 2
MAR - .1 5 0
APR .165
MAY - .1 0 3
JUN - .161
JUL - .5 2 0
AUG - .3 1 5
SEP - .6 8 9
OCT - .7 3 0
NOV -.0271
DEC - .3 3 5
JAN 1971 - .3 5 7
FEB - .3 7 8 - .00630
MAR -.249 - .6 6 1
APR -.1 8 6 - .2 7 4
MAY -.231 .171
JUN -.0966 - .2 3 4
JUL - .3 5 2 - .0 4 1 6
AUG - .3 1 8 - .3 6 3
SEP - .27 3 - .5 1 0
OCT - .2 0 4 - .5 5 9
NOV -.4 4 9 - 486
DEC -.220 - .1 5 8
Figure 5.14
C o r r e l a t io n  C o e f f i c i e n t  - -  D i f f e r e n c e  i n  T e m p e ra tu re  Between T.V
and M issoula  County A i r p o r t  1200 M v e r s u s  P a r t i c u l a t e
September 1969 -  December 1971,  M is s o u l a ,  Montana.
Mountain
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and p e rc e n t  o f  p o s s i b l e  su n s h in e  a r e  p o s i t i v e l y  c o r r e l a t e d  w ith  a tm ospher ic  
p a r t i c u l a t e  l e v e l s .  Both r e l a t i v e  hum id i ty  and d e p a r t u r e  from normal 
tem pera tu re  e x h i b i t - i n t e r e s t i n g  p a t t e r n s .  R e la t i v e  hum idi ty  i s  i n v e r s e l y  
c o r r e l a t e d  w i th  p a r t i c u l a t e  l e v e l s  d u r in g  t h e  summer months and p o s i t i v e l y  
c o r r e l a t e d  d u r ing  t h e  w i n t e r  months. We n o t i c e d  in Chapter  Four t h a t  t h e  
obse rva t ion  o f  smoke a t  t h e  a i r p o r t  was a s s o c i a t e d  w i th  high r e l a t i v e  
humidity l e v e l s  and in  Chap te r  Five we found t h a t  in  genera l  e l e v a te d  
p a r t i c u l a t e  l e v e l s  were a s s o c i a t e d  w i th  below average  r e l a t i v e  hum idi ty .  
This app aren t  c o n f l i c t  may be r e s o l v e d  when we r e c a l l  t h a t  th e  v a s t  
preponderance o f  smoke o b s e r v a t i o n s  o c cu r red  dur ing  th e  w i n t e r  months 
where p a r t i c u l a t e  i s  p o s i t i v e l y  c o r r e l a t e d  w i th  r e l a t i v e  humidi ty  This 
r e l a t i o n s h i p  a l s o  e x p l a i n s  why th e  p o l l u t i o n  p r e d i c t i o n  pe rcen tage  f o r  
r e l a t i v e  humidity  on days w i th  p a r t i c u l a t e  g r e a t e r  than  260 ug/Np drops 
when compared to  days w i th  p a r t i c u l a t e  g r e a t e r  than 135 ug/M^. Most o f  
the days with p a r t i c u l a t e  g r e a t e r  th an  260 ug/Mp a l s o  occur  in  th e  w i n t e r  
Departure from normal t e m p e r a tu re  i s  p o s i t i v e l y  c o r r e l a t e d  with  p a r t i c ­
u la te  l ev e ls  du r ing  th e  summer months and i n v e r s e l y  c o r r e l a t e d  dur ing  the  
w in ter .  Again t h i s  o b s e r v a t i o n  e x p l a i n s  t h e  drop in  t h e  p o l l u t i o n  p r e ­
d ic t io n  p e rcen tage  f o r  d e p a r t u r e  from normal t e m p e ra tu re  on days with 
p a r t i c u l a t e  g r e a t e r  th an  260 ug/M^
There a re  o b v io u s ly  e x c e p t io n s  t o  th e  t r e n d s  in  p a r t i c u l a t e  c o r ­
r e l a t i o n  we have d i s c u s s e d  in  t h i s  c h a p t e r  The c o r r e l a t i o n  c o e f f i c i e n t s  
do not e x h i b i t  e x a c t  l i n e a r  r e l a t i o n s h i p s  f o r  th e  v a r io u s  v a r i a b l e s ,  how­
ever,  t r u l y  l i n e a r  b e h a v io r  c e r t a i n l y  cou ld  n o t  be e x p e c te d .  The f a c t  
t h a t  any c o r r e l a t i o n  a t  a l l  e x i s t s  i s  i n t e r e s t i n g  s i n c e  a tm ospher ic  
p a r t i c u l a t e  l e v e l s  a r e  c e r t a i n l y  a f f e c t e d  by many o t h e r  v a r i a b l e s  b e s id e s
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weather  c o n d i t i o n s  and t h e  assumption  t h a t  th e  p a r t i c u l a t e  load in  the  
v a l l e y  i s  c o n s t a n t  i s  q u i t e  d r a s t i c .  The i n t e r a c t i o n  among weather  v a r ­
i a b l e s  has no t  been c o n s id e re d  a l though  t h i s  f a c t o r  i s  a l s o  im po r tan t  in 
de termining  a tm osp he r ic  p a r t i c u l a t e  l e v e l s .
The d a ta  in c lu d e d  in  t h i s  c h a p t e r  cou ld  probably  become t h e  b a s i s  
f o r  a p o l l u t i o n  p r e d i c t i o n  model based  on m e teo ro lo g ica l  c o n d i t i o n s .
Much more d e t a i l e d  a n a l y s i s  o f  th e  w ea the r  v a r i a b l e s  would be n e c e s s a r y ,  
however some t r e n d s  a r e  a p p a r e n t .  M e teo ro lo g ica l  c o n d i t i o n s  a r e  probably  
a c o n t r o l l i n g  f a c t o r  in  t h e  accumulat ion  o f  a tm ospher ic  p a r t i c u l a t e  m a t t e r  
in the  Missoula  V a l ley .  From t h i s  a n a l y s i s  we have found t h a t  low wind 
speed, tem pera tu re  i n v e r s i o n ,  z e ro  r a i n f a l l ,  and high b a ro m e tr ic  p r e s s u r e  
are most a s s o c i a t e d  w i th  e l e v a t e d  p a r t i c u l a t e  l e v e l s .  High ba ro m e tr ic  
p res su re ,  t em p era tu re  i n v e r s i o n ,  and low wind speed i n d i c a t e  a tm ospher ic  
s t a b i l i t y  and hence a l lo w  t h e  accum ula t ion  o f  p o l l u t a n t s .  R a in f a l l  e f f e c t s  
p a r t i c u l a t e  l e v e l s  in  two ways. F i r s t  p a r t i c u l a t e  m a t t e r  may be "washed" 
from the atmosphere by p r e c i p i t a t i o n .  Secondly  and p robab ly  more im p o r t a n t ,  
p r e c i p i t a t i o n  i s  u s u a l l y  a s s o c i a t e d  w i th  a tm ospher ic  t u r b u le n c e  which 
d isperses  p o l l u t i o n  a c c u m u la t io n s .  High p e rc e n t  p o s s ib l e  su n s h in e ,  below 
average w in te r  t e m p e r a t u r e s ,  above average  sunnier t e m p e r a tu r e s ,  and below 
average summer r e l a t i v e  hum id i ty  a r e  a l l  c l o s e l y  a s s o c i a t e d  with  high 
barometr ic p r e s s u r e  and a r e  thus  i n d i r e c t l y  r e l a t e d  t o  p a r t i c u l a t e  l e v e l s .  
Elevated w i n t e r  r e l a t i v e  hum id i ty  does not  seem to  be a s s o c i a t e d  to  any 
.degree with high b a r o m e t r i c  p r e s s u r e .  In g ene ra l  p a r t i c u l a t e  a i r  p o l l u t i o n  
levels  in c re a s e  as th e  number o f  p o l l u t i o n  p r e d i c t i o n  v a r i a b l e s  i n c r e a s e .
The in c re a se  in  p o l l u t i o n  p r e d i c t i o n  v a r i a b l e s  i s  u s u a l l y  a s s o c i a t e d  w ith  
a s t a b le  high p r e s s u r e  sys tem . In o r d e r  t o  p r e d i c t  p a r t i c u l a t e  l e v e l s
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a c c u ra t e ly  th e  p e rc e n t a g e  f requency  o f  t h e  s im ul taneous  o ccu r ren c e  o f  
various  w ea the r  v a r i a b l e s  would have t o  be d e te rm in e d ,  however,  th e  l i m i t e d  
c a l c u l a t i o n s  p r e s e n t e d  h e r e  show t h a t  t h e  p r e d i c t i o n  o f  p a r t i c u l a t e  l e v e l s  
may be p o s s ib l e  in  t h e  M issoula  V a l le y .  C e r t a i n l y  genera l  p o l l u t i o n  f o r ­
ças t s  can be made on t h e  b a s i s  o f  t h i s  d a t a .
Chapter  6 
SUMMARY AND CONCLUSIONS
This  s tu d y  was in te n d e d  t o  be a comprehens ive ,  d e t a i l e d  a n a l y s i s  
of  c l i m a t i c  m o d i f i c a t i o n  in  th e  M issoula  V a l ley  and th e  m e teo ro lo g ica l  
cond i t ions  a s s o c i a t e d  w i th  p a r t i c u l a t e  a i r  p o l l u t i o n .  A f te r  o v e r  a y e a r  
of  r e sea rch  we f e e l  t h a t  we have h a rd ly  begun to  i n i t i a t e  th e  r e s e a r c h  
necessary  to  th o ro u g h ly  document c l i m a t i c  m o d i f i c a t io n  and develop  a 
p o l lu t io n  p r e d i c t i o n  model We have been a b le  to  assemble most o f  the  
e x i s t i n g  c l i m a t i c  i n f o r m a t io n  f o r  t h e  Missoula  a r e a ,  however, much more 
d e ta i l e d  s t a t i s t i c a l  a n a l y s i s  i s  needed. C ons ide rab le  e x p e r im e n ta t io n  
would a l s o  be n e c e s sa ry  t o  measure  c e r t a i n  c l i m a t i c  v a r i a b l e s  f o r  which 
we are  p r e s e n t l y  l a c k in g  d a t a ,  and t o  add more m e teo ro lo g ica l  s t a t i o n s .
A d e t a i l e d  g r i d  o f  t e m p e r a tu re  r e c o r d in g  s t a t i o n s  would be n ecessa ry  :o 
document th e  " h e a t  i s l a n d "  e f f e c t .  Also a s e r i e s  o f  tem pera tu re  r e c o rd in g  
s t a t i o n s  running up Mount S e n t in e l  behind  th e  U n i v e r s i t y  o f  Montana 
would g ive  v a lu a b le  t e m p e r a tu r e  i n v e r s i o n  d a t a .  R e l a t i v e  hum idi ty  has 
probably in c re a s e d  in  t h e  M issou la  V a l ley  in  r e c e n t  y e a r s ,  however com­
parison da ta  i s  l a c k i n g .  A thorough s tu d y  o f  r e l a t i v e  humidity  in  th e  
Missoula a rea  might p rove  i n t e r e s t i n g .  Perhaps th e  most  i n t e r e s t i n g  
c l im a t ic  da ta  f o r  M isso u la  which i s  c u r r e n t l y  l a c k in g  i s  s o l a r  i n s o l a t i o n .  
The u rb a n - ru ra l  s o l a r  i n s o l a t i o n  d i f f e r e n c e  would be easy  to  document in 
a v a l ley  system such as t h e  Missoula  a r e a .
We b e l i e v e  t h a t  t h e  i n f l u e n c e  o f  human a c t i v i t y  i s  p r e s e n t  in  th e
-119-
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r e c e n t  c l i m a t i c  r ec o rd  o f  t h e  M issoula  V a l le y .  This  i n f lu e n c e  i s  demon­
s t r a t e d  in  th e  " h e a t  i s l a n d "  e f f e c t  where t h e  c i t y  i s  warmer than  i t s  
surrounding  e n v i ro n m e n t , in  i n c r e a s e d  f o g ,  d e c re a se d  v i s i b i l i t y ,  lower 
cloud c e i l i n g  and i n c r e a s e d  r e l a t i v e  h u m id i ty .  The o b s e r v a t io n  o f  smoke 
and/or  haze a t  th e  M issou la  County A i r p o r t  has i n c r e a s e d  d r a m a t i c a l ly  in 
the  l a s t  f i f t e e n  y e a r s ,  p a r a l l e l i n g  th e  i n d u s t r i a l i z a t i o n  o f  th e  Missoula 
Valley. The i n f l u e n c e  o f  c e r t a i n  m e te o ro lo g ic a l  v a r i a b l e s ,  p a r t i c u l a r l y  
tempera ture  i n v e r s i o n ,  on v i s i b i l i t y ,  f o g ,  and smoke o b s e r v a t io n s  i s  
r e a d i ly  a p p a ren t .
M eteo ro log ica l  v a r i a b l e s  have a d e f i n i t e  i n f lu e n c e  on th e  atmos­
pheric  p a r t i c u l a t e  l e v e l s  in  th e  Missoula  a r e a .  Low wind sp eed ,  temper­
a ture  i n v e r s i o n ,  z e ro  r a i n f a l l ,  and high b a ro m e tr ic  p r e s s u r e  a r e  a l l  
a s so c ia ted  with  e l e v a t e d  p a r t i c u l a t e  l e v e l s .  A p o l l u t i o n  p r e d i c t i o n  
model based on m e te o r o lo g ic a l  c o n d i t i o n s  appears  f e a s i b l e  from t h i s  p r e ­
l iminary a n a l y s i s .  In t h i s  s tu d y  e i g h t  m e te o ro lo g ic a l  c o n d i t i o n s  were 
designated  p o l l u t i o n  p r e d i c t i o n  c a t e g o r i e s .  The number o f  p o l l u t i o n  
p red ic t io n  c a t e g o r i e s  p r e s e n t  i n c r e a s e d  w i th  i n c r e a s in g  p a r t i c u l a t e  l e v e l s .  
In general  t h e  a tm osp he r ic  p a r t i c u l a t e  l e v e l s  seemed most  c o r r e l a t e d  w ith  
s t a b le  high p r e s s u r e  sys tems and a tm ospher ic  s t a g n a t i o n  c o n d i t i o n s  in  t h e  
Missoula V al ley .  While we a r e  n o t  y e t  a b le  t o  p r e d i c t  a tm ospher ic  p a r t i c ­
u la te  l e v e l s  w ith  c e r t a i n t y  we b e l i e v e  t h a t  enough d a ta  e x i s t s  so t h a t  
general p a r t i c u l a t e  f o r e c a s t i n g  can be accomplished .
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INTRODUCTION
We r e p o r t  he re  t h e  f i r s t  p r e l im in a r y  r e s u l t s  o f  t h e  Missoula Val ley  
a i r  p o l l u t i o n  -  r e s p i r a t o r y  d i s e a s e  s tu d y  conducted by th e  U n iv e r s i ty  o f  
Montana S tu d e n t  Environmental  Research Cen te r  In t h i s  s tu d y  we have 
a t tempted  to  de te rm ine  t h e  c o r r e l a t i o n  between th e  i n c id e n c e  o f  r e s p i r a t o r y  
i l l n e s s  in  th e  Missoula  V a l ley  and v a r io u s  environmenta l  pa ra m e te r s .
Three so u rces  o f  d a ta  were used to  de te rm ine  th e  in c id e n c e  o f  r e s p i r a t o r y  
i l l n e s s  in  M issoula ;  dea th  i n d ic e s  from th e  Missoula  County Clerk and 
Recorders O f f i c e ;  adm iss ion  r e c o rd s  from. S t .  P a t r i c k ' s  H o s p i t a l ,  t h e  
major h o s p i t a l  s e r v in g  th e  cornnunity d u r ing  th e  p e r io d  o f  s t u d y ;  and 
ac tua l  p h y s i c i a n ' s  v i s i t s  f o r  r e s p i r a t o r y  i l l n e s s .  The a n a l y s i s  o f  th e  
death i n d ic e s  covered t h e  p e r io d  from 1950 to  1971; S t .  P a t r i c k ' s  
Hospita l  admiss ions  were a v a i l a b l e  from 1955 to  th e  p r e s e n t ;  w h i le  th e  
a n a ly s i s  o f  p h y s ic ia n s  v i s i t s  f o r  r e s p i r a t o r y  i l l n e s s  began in  t h e  
sp r in g  o f  1972.
In Chapter  One o f  t h i s  r e p o r t  we ,d.etail  ,an,d c h a r a c t e r i z e  th e
admission r a t e s  a t  S t .  P a t r i c k ' s  H o sp i ta l  f o r  v a r io u s  r e s p i r a t o r y
d i s e a s e s .  Some p r e l i m i n a r y  s t a t i s t i c a l  a n a l y s i s  i s  a l s o  p r e s e n t e d .
Chapter Two c o n s id e r s  th e  de a th  r a t e  f o r  c e r t a i n  r e s p i r a t o r y  d i s e a s e s
in Missoula County. F i n a l l y ,  in  Chapter  Three we p r e s e n t  a summary 
.
and c o n c lu s io n s  based  on our'* r e s e a r c h  t o  d a t e .
The S tu d e n t  Environmental  Research Center  p lans  t o  p u b l i s h  a 
comprehensive monograph which w i l l  d i s c u s s  in  d e t a i l  t h e  h e a l t h  e f f e c t s
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of » i r  p o l l u t i o n ,  w i th  p a r t i c u l a r  emphasis  on a i r  p o l l u t i o n  and r e s p i r a t o r y  
i l l n e s s  in  th e  M issoula  V a l le y .  More d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  of  the  
h o sp i ta l  admiss ions  and r e s p i r a t o r y  d e a th s  w i l l  be p u b l i sh ed  a t  t h a t  t im e ,  
and a d d i t i o n a l l y  t h e  r e s u l t s  o f  t h e  p h y s ic ia n s  v i s i t  s tudy  w i l l  be p re sen te d .
C h a p te r  One
R e s p i r a to r y  Admissions to  S t .  P a t r i c k ' s  H o sp i ta l
In t h i s  c h a p te r  we w i l l  c o n s id e r  t h e  p e r  c a p i t a ,  t ime s e r i e s  
incidence  o f  c e r t a i n  s p e c i f i c  r e s p i r a t o r y  i l l n e s s e s  as ev idenced by 
admissions to  S t .  P a t r i c k ' s  H o s p i t a l .  During the  t ime o f  th e  s tudy  
St .  P a t r i c k ' s  H o sp i ta l  was t h e  major  h o s p i t a l  in  th e  Missoula a r e a .
Missoula County p o p u la t io n  was used t o  de te rm ine  pe r  c a p i t a  i n c id e n c e .^
St . P a t r i c k ' s  H o sp i ta l  does draw p a t i e n t s  from o u t s i d e  Missoula County. 
During th e  pe r iod  from 1967 th rough  1971 28 .4  + 0 . 8  p e rc e n t  o f  th e  
admissions to  S t .  P a t r i c k ' s  H o sp i ta l  were no t  Missoula County r e s i d e n t s .  
During the  same t ime p e r io d  62 .6  +_ i p e r c e n t  o f  th e  admiss ions were 
from the  c i t y  o f  M issou la .  The p e rc en ta g e  o f  non-Missoula  County 
r e s p i r a t o r y  admiss ions  i s  n o t  known. I t  might be e x p e c te d ,  however, 
t h a t  th e  admiss ions f o r  a c u t e  r e s p i r a t o r y  i l l n e s s e s  a re  more r e p r e s e n t a t i v e  
of the  Missoula County p o p u la t io n  b ase .  In any case  t h e  pe r  c a p i t a  
admissions f o r  r e s p i r a t o r y  i l l n e s s e s  r e p o r t e d  in  t h i s  paper  a r e  p robably  
higher than th e  a c tu a l  Missoula  County admiss ion  r a t e .  The a c tu a l  
Missoula County H o s p i ta l  Admission r a t e  f o r  r e s p i r a t o r y  i l l n e s s  must a l s o  
r e f l e c t  th e  admiss ions  t o  th e  o t h e r  h o s p i t a l s  in  th e  community. The 
ra te s  r e p o r te d  in  t h i s  paper  shou ld  be i n c r e a s e d  by th e  r e s p i r a t o r y , . 
admission r a t e s  t o  th e  o t h e r  h o s p i t a l s .  S ince  t h e  admiss ion r a t e  to  
St .  P a t r i c k ' s  h o s p i t a l  i s  so much h ig h e r  than  t h e  o t h e r  h o s p i t a l s ,  
t h i s  e f f e c t  i s  assumed t o  be q u i t e  s m a l l .  In our  a n a l y s i s  of  th e
-3 "
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per c a p i ta  adm ission  d a t a ,  we have assumed t h a t  th e  ou t o f  county 
r e s p i r a to r y  adm iss ions and th e  r e s p i r a t o r y  adm issions to  th e  o th e r  
h o s p i ta l s  in  M issoula  a re  c o n s ta n t  w ith  tim e and hence a re  n o t  r e f l e c t e d  
in th e  tim e s e r i e s  s t a t i s t i c s .
S t .  P a t r i c k ' s  H o sp ita l  re c o rd s  anonymous s t a t i s t i c a l  in fo rm a tio n
about each p a t i e n t  in  a d d i t i o n  to  such perso na l c h a r t s  and d ia g n o s t i c
m a te r ia l  t h a t  may be r e q u i r e d .  This in fo rm a tio n  in c lu d e s  each p a t i e n t ' s
age, s e x ,  d i s c h a rg e  d a t e ,  and th e  I n t e r n a t i o n a l  S t a t i s t i c a l  D isease
2
C l a s s i f i c a t i o n  o f  the. d is c h a rg e  d ia g n o s is .  W hile , th ro ugh ou t our 
a n a ly s is  we r e f e r  to  h o s p i t a l  adm iss ion  d a t a , t h e  s t a t i s t i c a l  in fo rm a tio n  
a c tu a l ly  reco rded  i s  th e  h o s p i t a l  d is c h a rg e  d ia g n o s is .  This in fo rm a tio n  
was compiled to  p ro v id e  age and sex  s p e c i f i c ,  monthly and annual 
t o t a l s  f o r  th e  v a r io u s  r e s p i r a t o r y  i l l n e s s e s .  The d a ta  were then  
converted  to  adm ission  r a t e s  pe r  100,000 p o p u la t io n ,  a s ta n d a rd  
ep idem io log ica l te c h n iq u e .  In t h i s  s tu d y  th e  pe r  c a p i ta  adm ission 
r a te  fo r  asthm a, a c u te  upper r e s p i r a t o r y  i n f e c t i o n ,  a c u te  and ch ro n ic  
b r o n c h i t i s ,  emphysema, a c u te  and c h ro n ic  p h a ry n g i t i s  and n a s o p h a ry n g i t i s ,  
pneumonia, and a c u te  and c h ro n ic  s i n u s i t i s  were de te rm ined .
The annual t o t a l  adm iss ion  r a t e  to  S t .  P a t r i c k ' s  H o sp ita l  f o r  a l l  
the  r e s p i r a t o r y  i l l n e s s e s  in c lu d ed  in  our s tu d y  f o r  th e  p e r io d  1956 
to  1971 i s  shown in  f i g u r e  1 .1 .  We can observe  t h a t  th e  t o t a l  annual 
r e s p i r a to r y  adm ission  r a t e  f l u c t u a t e s  w id e ly .  The average  annual 
r e s p i r a to r y  adm iss ion  r a t e  t o  S t .  P a t r i c k ' s  h o s p i t a l  i s  1354 adm iss ions 
per lOQOOO p o p u la t io n .  The t o t a l  adm ission  r a t e  f o r  a l l  i l l n e s s e s  i s  
shown in  f i g u r e " 1 . 2 . '  The annual a d m iss io n  r a t e  f o r  a l l  causes has ’ 
remained a lm ost c o n s t a n t  from 1956 through  1971. The annual
- 5 -
percen tage  o f  r e s p i r a t o r y  ad m iss ions  i s  shown in  f i g u r e  1 .3 .  The s p e c i f i c  
adm ission r a t e s  f o r  th e  v a r io u s  r e s p i r a t o r y  i l l n e s s e s  a r e  shown in  f ig u r e s  
1 .4 -1 .1 3 .
A few g en era l  t r e n d s  in  th e  h o s p i t a l  adm iss ion  r a t e s  a r e  n o t i c a b l e .
We observe a g e n e ra l  d e c r e a s e  in  th e  adm ission  r a t e  f o r  asthm a, a c u te
p h a ry n g i t is  and n a s o p h a y n g i t i s , and a c u te  s i n u s i t i s .  The adm ission  r a t e s  
fo r  ch ro n ic  b r o n c h i t i s ,  emphysema, and c h ro n ic  s i n u s i t i s  have in c re a s e d  
s u b s t a n t i a l l y  du rin g  th e  same tim e p e r io d .  The g en era l  t re n d  seems to  be 
toward an in c r e a s e  in  c h ro n ic  r e s p i r a t o r y  i l l n e s s  and a d e c rea se  in  a c u te  
r e s p i r a to r y  ad m iss io n s . T here  seems to  be an in c r e a s e  in  th e  p e rc en ta g e  o f 
p a t ie n t s  ad m itted  w ith  r e s p i r a t o r y  i l l n e s s  d u r in g  th e  p e r io d  from 1956 to  
1971, how ever,the  annual f l u c t u a t i o n  i s  w ide.
The p e rc en ta g e  o f  adm iss ions  by sex f o r  th e  v a r io u s  r e s p i r a t o r y  
i l l n e s s e s  i s  shown in  f i g u r e s  1 .1 4 -1 .2 3 .  The most s t r i k i n g  sexual d i f f e r e n ­
t i a t i o n  i s  found w ith  emphysema and a c u te  upper r e s p i r a t o r y  i n f e c t i o n .  
S ev en ty - th ree  pe r  c e n t  o f  a l l  emphysema adm iss ions a re  male w h ile  60 pe r  c e n t  
of th e  a cu te  upper r e s p i r a t o r y  i n f e c t i o n  adm iss ions a re  fem ale . I t  i s  
p a r t i c u l a r l y  i n t e r e s t i n g  t h a t  th e  sexual d i f f e r e n t i a t i o n  f o r  emphysema i s  
d ec reas in g . In r e c e n t  y e a r s  th e  p e rc e n ta g e  o f  fem ale  emphysema adm iss ions
is  g r e a t e r  th an  30 p e r  c e n t .
The p e rc en ta g e  o f  h o s p i t a l  adm iss ions in  v a r io u s  age groups i s  shown 
in f ig u re s  1 .2 4 -1 .3 3 .  G e n e ra l ly  th e  h ig h e s t  p e rc en ta g e  o f  adm iss ions f o r  
acüté r e s p i r a t o r y  i l l n e s s e s  a r e  in  th e  0 -4  age group . The o ld e r  age groups 
a re  p red o m in an t .in  th e  c h ro n ic  i l l n e s s e s .  No d e t a i l e d  a n a ly s i s  f o r  tim e 
s e r ie s  t r e n d s  in  age d i f f e r e n t i a t i o n  have y e t  been u n d e r ta k e n ;  however,no 
trends a r e . p a r t i c u l a r l y  obv iou s .
T o t a l  R e s p i r a t o r y  A d m i s s i o n s  p e r  1 0 0 0 0 0  p o p u l a t i o n
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Figure 1.3
Percen t  of Total Hospi ta l  Admissions with Resp ira to ry  Complaint
H o sp ita l  Adm issions p e r  100000- Asthma
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Figure 1.5
Acute Upper R esp i ra to ry  In fe c t io n  Admissions t o  S t .  P a t r i c k ' s  Hospita l 1963 - 1971
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Figure 1.6
B ron ch it is  Admissions to  S t .  P a t r ic k 's  Hospital 1956-1971
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Figure 1.7
Chronic B ro n ch i t i s  Admissions to  S t .  P a t r i c k ' s  Hospita l  1956-1971
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H o s p i ta l  Adm issions p e r  100000 - Bronchopneumonia
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Figure 1.12
Acute S in u s i t i s  Admissions to  S t.  P a t r ic k 's  Hospital 1956 - 1971
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Figure 1.13
Chronic S i n u s i t i s  Admissions to  S t .  P a t r i c k ' s  Hospita l 1956-1971
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S e x u a l  D i f f e r e n t i a t i o n  y  A c u t e  P h a r y n g i t i s  a n d  N a s o p h a r y n g i t i s Figure 1 .2 3
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AGE GROUP ( . PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUM!
CAS
1956 29 2 0 3 6 8 22 22 8 63
1957 31 5 5 3 6 7 13 19 12 86
1958 18 0 0 0 16 8 26 23 8 61
1959 22 4 2 4 2 13 22 20 13 55
1960 13 6 1 4 12 12 23 13 17 78
1961
1962
21 11 4 2 11 11 19 13 9 47
1963 11 14 6 0 8 V."':• 17 19 11 14 36
1964 17 7 0 0 9 . 19 7 14 26 42
1965 12 20 0 2 10 12 7 5 32 59
1966 12 20 5 0 12 3 17 13 18 60
1967 19 19 3 3 16 16 6 6 12 32
1968 13 8 3 3 5 13 21 18 16 38
1969 12 8 2 0 8 8 27 17 20 66
1970 15 8 5 6 10 7 24 10 15 87
1971 19 4 8 0 21 4 15 23 8 53
TOTAL 18 8 3 2 10 10 19 15 15 863
Figure 1.24
Age D i f f e r e n t i a t i o n  -  Asthma
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AGE GROUP ( PERCENT )
year 0 -4  5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMBER OF
CASES
1956
1957
1958
1959
1960
1961
1962
1963 31 4 2 4 12 13 11 7 18 85
1964 25 3 2 5 21 7 14 6 18 101
1965 38 7 3 9 6 3 11 6 16 95
1966 27 3 4 9 15 11 8 12 9 91
1967 34 0 6 4 12 4 13 9 16 67
1968 36 6 3 4 10 7 8 9 17 89
1969 41 2 3 7 13 4 6 4 20 100
1970 29 1 7 frSïV.. -  10 10 10 9 16 68
1971 30 5 4 7 12 12 4 5 21 57
TOTAL 33 4 4 6 13 8 9 7 17 753
Figure 1.25
O-
Age’ D i f f e r e n t i a t i o n  -  A cu te  Upper  R e s p i r a t o r y  I n f e c t i o n
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AGE GROUP (.PERCENT )
YEAR 0 -4 5-10 11- 15 16-21 22-39 40-49 50-59 60-69 70+ NUN
CAS
1956 0 0 0 0 18 18 27
•
27 9 11
1957 0 0 0 13 38 13 38 0 0 8
1958 0 0 0 5 11 16 32 21 16 19
1959 0 0 0 0 14 43 14 0 29 7
1960 0 0 0 6 17 11 17 44 6 18
1961
1962
0 0 0 0 24 12 29 18 18 17
1963 0 0 4 0 17 8 13 38 21 24
1964 12 2 0 5 5 ‘ 16 26 23 12 43
1965 0 0 0 0 6 28 50 0 17 18
1966 0 0 0 0 6 6 42 29 16 31
1967 14 0 0 0 14 0 14 29 29 7
1968 3 3 3 0 3 8 40 23 20 40
1969 7 0 2 0 5 9 22 29 25 55
1970 5 0 0 ^ 7 11 26 25 26 57
1971 0 2 0 0 2 10 36 19 31 42
TOTAL 4 1 1 1 9 12 29 24 20 397
Figure 1.26
Age D i f f e r e n t i a t i o n  -  C h r o n ic  B r o n c h i t i s
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMBER
CASES
1956 30 9 5 4 14 8 12 11 6 161
1957 38 6 3 6 11 12 12 6 6 178
1958 31 5 2 5 10 11 15 12 8 146
1959 27 2 5 5 12 12 13 13 10 165
1960 33 4 4 6 12 9 11 14 8 139
1961
1962
37 9 3 3 14 6 13 8 6 127
1963 21 11 5 3 13 15 11 11 10 197
1964 32 5 1 4 8 15 16 10 10 231
1965 23 4 4 3 12 15 14 10 16 189
1966 21 6 3 4 9 11 20 13 14 160
1967 27 2 2 2 15 6 16 13 18 107
1968 28 4 3 5 12 5 17 12 14 218
1969 27 5 2 4 7 6 16 14 19 221
1970 27 4 3 2 10 9 16 14 16 249
1971 26 6 0 3 8 6 18 15 16 214
TOTAL 28 5 3 4 11 10 15 12 12 2704
Figure 1.27
Age D i f f e r e n t i a t i o n  -  B r o n c h i t i s
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUN
CAS
1956 29 5 0 2 16 9 12 7 21 59
1957 32 11 3 1 2 4 15 20 13 98
1958 44 0 0 2 2 7 6 17 22 62
1959 25 9 0 0 18 5 5 16 23 46
1960 31 13 4 4 5 13 7 11 13 56
1961
1962
40 14 4 2 6 4 10 4 16 55
1963 38 2 2 0 10 2 12 10 24 42
1964 40 3 2 0 10 9 10 9 17 58
1965 33 11 3 3 5 5 Ï 5 9 17 66
1966 38 5 3 0 9 8 9 9 20 66
1967 52 0 0 0 10 7 3 14 14 29
1968 41 9 2 1 7 4 8 9 17 95
1969 53 6 4 0 6 2 4 6 18 55
1970 47 7 1 1 5 8 5 7 19 75
1971 56 5 5 2 2 0 2 7 20 41
TOTAL 39 7 2 1 7 6 9 11 18 883
Figure 1 .28
Age D i f f e r e n t i a t i o n  -  Bronchopneumonia
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AGE GROUP (.PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMBER
CASES
1956 20 4 4 3 18 12 12 9 17 230
1957 25 10 5 3 12 8 11 14 14 241
1958 27 4 '  2 2 10 10 13 15 17 213
1959 15 5 3 2 19 10 14 8 23 213
1960 18 7 3 7 9 11 14 13 17 230
1961
1962
21 8 8 4 11 11 10 9 18 235
1963 14 4 4 4 13 •11 17 11 21 215
1964 24 3 2 5 12 • 9 11 12 23 268
1965 22 11 3 5 10 9 11 9 20 239
1966 16 6 6 3 12 11 9 14 22 266
1967 23 7 3 1 15 6 7 15 24 151
1968 25 7 3 2 10 8 10 13 23 260
1969 27 6 2 4 8 6 10 11 27 321
1970 27 6 2 2 8 8 10 12 23 286
1971 33 5 5 4 7 5 8 ■ 13 21 215
TOTAL 23 6 4 3 12 9 11 12 21 3593
Figure 1.29
Age D i f f e r e n t i a t i o n  -  Pneumonia
“35-
AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMBER
CASES
1956 0 0 0 0 14 0 0 57 29 7
1957 13 0 0 0 7 7 13 27 33 15
1958 5 0 0 0 0 0 5 41 50 22
1959 0 0 0 0 0 0 29 36 36 14
1960 0 0 0 0 0 0 26 39 35 23
1961
1962
0 2 P 0 2 0 24 40 31 45
1963 0 0 0 0 0 11 11 56 22 18
1964 3 0 0 0 0 5 18 31 44 39
1965 •■ 0 3 0 0 3 5 i è 43 33 40
1966 0 0 0 0 2 0 21 31 47 62
1967 0 0 0 0 0 13 25 31 13 16
1968 0 3 0 0 0 0 22 35 41 37
1969 0 0 0 0 2 4 33 27 45 119
1970 1 0 0 1 2 3 23 23 47 154
1971 0 0 0 1 2 6 7 32 51 96
TOTAL 1 0 0 0 2 4 19 32 43 707
Figure 1.30
Age D i f f e r e n t i a t i o n  - Emphysema
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AGE GROUP (.PERCENT )
YEAR 0 -4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMi
CASI
1956 7 7 7 7 36 14 14
*  •
7 0 14
1957 0 6 11 33 22 11 6 0 11 18
1958 0 9 0 9 41 23 14 9 0 22
1959 0 21 0 10 17 10 24 7 10 29
I960. 7 7 7 0 29 7 14 21 7 14
1961
1962
0 11 0 0 32 42 11 5 0 19
1963 0 7 13 13 0 20 20 13 13 15
1964 0 0 4 8 42 * 21 17 8 0 24
1965 0 7 0 15 23 23 7 23 0 13
1966 0 0 9 18 9 9 18 18 18 11
1967 10 10 0 0 40 10 20 0 10 10
1968 6 0 0 0 50 11 11 17 6 18
1969 0 0 0 33 0 33 33 0 0 3
1970 0 0 0 0 50 25 0 25 0 4
1971 11 22 11 0 11 11 22 0 11 9
TOTAL 2 8 4 9 28 17 15 10 6 223
Figure 1.31
Age D i f f e r e n t i a t i o n  -  A cu te  s i n u s i t i s
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUME
CASE
1956 0 ' 0 50 0 0 50 0 0 0 2
1957 0 0 0 0 25 25 25 0 25 4
1958 0 0 0 50 0 0 0 0 50 2
1959 0 0 0 0 33 33 17 17 0 6
1960 0 0 0 33 0 0 0 67 0 3
1961
1962
0 0 0 0 0 100 0 0 0 1
1963 5 . 0 10 15 30 20 10 0 10 20
1964 0 6 0 13 13 38 13 16 3 32
1965 0 9 3 3 30 24 9 ‘ ' 9 12 33
1966 8 4 4 4 38 17 12 8 4 24
1967 0 5 0 15 15 30 20 10 5 20
1968 0 0 0 5 41 18 14 18 5 22
1969 0 8 5 5 32 26 11 11 3 38
1970 0 21 7 7 29 11 11 14 0 28
1971 33 27 8 6 15 4 0 6 0 48
TOTAL 7 10 5 8 25 20 10 11 5 283
Figure 1.32
Age D i f f e r e n t i a t i o n  -  C hron ic  S i n u s i t i s
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMI
CASI
1956 40 17 3 5 22 2 7 2 3 60
1957 46 11 5 11 8 8 3 5 2 87
1958 37 8 3 18 10 9 11 3 3 79
1959 38 5 6 16 16 8 6 5 2 88
1960 33 12 9 13 12 7 4 5 4 75
1961
1962
32 19 3 6 15 6 10 5 3 62
1963 24 10 7 17 10 22 5 2 2 41
1964 48 5 3 12 15 7 7 2 2 60
1965 27 18 8 10 20 4 io 0 2 49
1966 29 20 2 12 18 4 4 2 7 89
1967 64 8 3 8 8 6 0 0 3 36
1968 36 13 7 12 12 3 11 4 4 76
1969 49 12 1 9 10 3 6 1 7 67
1970 37 8 10 10 14 10 5 0 8 63
1971 36 9 6 6 21 9 6 0 6 33
TOTAL 38 12 5 12 14 7 6 3 4 965
Figure 1.33
Age D i f f e r e n t i a t i o n  -  A cu te  p h a r y n g i t i s  and n a s o p h a r y n g i t i s
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We s h a l l  now c o n s i d e r  some o f  the  f a c t o r s  which may a f f e c t  th e  
admission r a t e s  f o r  r e s p i r a t o r y  i l l n e s s  a t  S t .  P a t r i c k ' s  H o s p i t a l .  In 
p re l im ina ry  v i s u a l  a n a l y s i s  o f  th e  h o s p i t a l  admiss ion  d a ta  i t  was de termined 
t h a t  mean annual t e m p e ra tu re  and t o t a l  number o f  hours p e r  y e a r  w ith  
v i s i b i l i t y  s i x  m i le s  o r  l e s s  a t  th e  Missoula  County A i r p o r t  due to  smoke, 
fog ,  or  haze appeared  t o  be c o r r e l a t e d  with  th e  annual t o t a l  h o s p i t a l  
admission r a t e  f o r  r e s p i r a t o r y  i l l n e s s  and t o  th e  annual r a t e s  f o r  v a r io u s  
s p e c i f i c  i l l n e s s e s . 3 In an a t t e m p t  to  more th o ro u g h ly  document the  
r e l a t i o n s h i p  between h o s p i t a l  admiss ion  r a t e s  and tem p era tu re  and reduced 
v i s i b i l i t y ,  s t a t i s t i c a l  c o r r e l a t i o n s  were de te rm ined .  The l i n e a r  l e a s t  
squares s l o p e ,  y - i i n t e r c e p t ,  c o r r e l a t i o n  c o e f f i c i e n t ,  and s ta n d a rd  e s t im a t e  
of e r r o r  were de te rm ined  f o r  t h e  annual h o s p i t a l  admiss ion  r a t e  f o r  the  
various r e s p i r a t o r y  i l l n e s s e s  ve rsus  mean annual t em p era tu re  and number 
of hours p e r  y e a r  w i th  v i s i b i l i t y  s i x  m iles  o r  l e s s  due. t o  smoke, fo g ,  o r  
haze. The l i n e a r  l e a s t  sq u a re s  c a l c u l a t i o n  de te rm ines  th e  b e s t  s t r a i g h t  
l in e  through a s e r i e s  o f  p o i n t s .  The l e a s t  sq ua res  s lo p e  and y - i n t e r c e p t  
give th e  equ a t io n  f o r  t h a t  l i n e .  The c o r r e l a t i o n  c o e f f i c i e n t  g ives  a 
measure of  th e  “randomness" o f  th e  p o in t s  about  th e  l e a s t  squares  l i n e .
The c o r r e l a t i o n  c o e f f i c i e n t  ranges  in  va lue  from -1 t o  1. A c o r r e l a t i o n  
c o e f f i c i e n t  o f  -1 i n d i c a t e s  a n e g a t iv e  l i n e a r  r e l a t i o n s h i p  w h i le  a 
c o r r e l a t i o n  c o e f f i c i e n t  o f  +1 i n d i c a t e s  a p o s i t i v e  l i n e a r  r e l a t i o n s h i p .
A c o r r e l a t i o n  c o e f f i c i e n t  n e a r  ze ro  i n d i c a t e s  t h a t  t h e r e  i s  no s im ple  l i n e a r  
func t ion a l  r e l a t i o n s h i p  between th e  p l o t t e d  v a r i a b l e s .  A high c o r r e l a t i o n  
c o e f f i c i e n t  does no t  imply a causa l  r e l a t i o n s h i p  between the  v a r i a b l e s ,  
however The r e l a t i o n s h i p  i s  mathematica l  and a high c o r r e l a t i o n  
c o e f f i c i e n t  i n d i c a t e s  t h a t  th e  v a r i a b l e s  a re  " a s s o c i a t e d . "
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Figure  1 .34 g ives  th e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  annual 
admission t o t a l s  o f  th e  v a r io u s  r e s p i r a t o r y  i l l n e s s e s  v e rsu s  tem p era tu re  
and v i s i b i l i t y .  The c o r r e l a t i o n  c o e f f i c i e n t  f o r  tem p era tu re  ve rsus  
v i s i b i l i t y  i s  a l s o  g iv e n .  We can see  t h a t  t h e r e  i s  a s t r o n g  n e g a t iv e  
c o r r e l a t i o n  between th e  mean annual tem p era tu re  and t h e  annual h o s p i t a l  
admiss ion r a t e  f o r  t o t a l  r e s p i r a t o r y  i l l n e s s ,  a c u te  upper  r e s p i r a t o r y  
i n f e c t i o n ,  b r o n c h i t i s ,  pneumonia, and s i n u s i t i s .  The c o r r e l a t i o n  
i n d i c a t e s  t h a t  r e s p i r a t o r y  i l l n e s s  i s  d e f i n i t e l y  a f f e c t e d  by te m p e ra tu re .
A low ( cold  ) mean annual  t e m p e ra tu re  i s  r e f l e c t e d  in  a high h o s p i t a l  
admission r a t e .  H o sp i ta l  adm iss ions  f o r  acu te  upper r e s p i r a t o r y  i n f e c t i o n  
a l s o  show a s t ro n g  p o s i t i v e  c o r r e l a t i o n  with  the  number o f  hours per  
y e a r  w ith  v i s i b i l i t y  a t  t h e  Missoula County A i r p o r t  reduced t o  s i x  miles  
o r  l e s s  due to  smoke , f o g ,  o r  haze .  Tota l  r e s p i r a t o r y  i l l n e s s ,  
b r o n c h i t i s ,  pneumonia, and s i n u s i t i s  a l s o  show a l e s s e r  p o s i t i v e  
c o r r e l a t i o n  with  reduced  v i s i b i l i t y .  In p rev ious  r e p o r t s  i t  has been 
shown t h a t  reduced v i s i b i l i t y  a t  th e  a i r p o r t  due t o  smoke and haze i s
3
a s s o c i a t e d  with e l e v a t e d  p a r t i c u l a t e  l e v e l s  in  th e  c i ty . '  Hence one 
can i n f e r  t h a t  high p a r t i c u l a t e  a i r  p o l l u t i o n  l e v e l s  a f f e c t  th e  annual 
admission r a t e  f o r  a c u t e  upper  r e s p i r a t o r y  i n f e c t i o n  and p o s s ib ly  
o t h e r  r e s p i r a t o r y  i l l n e s s e s .  A high number o f  hours p e r  y e a r  with  
reduced v i s i b i l i t y  ( h igh p a r t i c u l a t e  l e v e l s  ) i s  r e f l e c t e d  in  a high 
h o s p i t a l  admiss ion  r a t e  f o r  a c u te  upper r e s p i r a t o r y  i n f e c t i o n .  In o rd e r  
to  show t h i s  c o r r e l a t i o n  v i s u a l l y  t h e  annual admiss ion  r a t e  f o r  a c u te  
upper r e s p i r a t o r y  i n f e c t i o n  and mean annual t em p era tu re  and th e  number 
of  hours  pe r  y e a r  w ith  reduced  v i s i b i l i t y  a re  p l o t t e d  qn th e  same 
graphs in  f i g u r e s  1.35 and 1 .36 .  The c o r r e l a t i o n  c o e f f i c i e n t s  f o r  a cu te  
upper r e s p i r a t o r y  i n f e c t i o n  v e rsu s  v i s i b i l i t y  and t o t a l  r e s p i r a t o r y  
a d m is s io n s ,  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n ,  b r o n c h i t i s ,  and pneumonia
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DISEASE ADMISSION RATE
MEAN ANNUAL 
TEMPERATURE
HOURS PER YEAR 
6 MILE VISIBILITY
TOTAL RESPIRATORY ILLNESS - .64 2 .366
ASTHMA - .1 1 4 - .3 7 7
ACUTE UPPER RESPIRATORY INFECTION - .  666 .750
BRONCHITIS - .6 8 2 .188
PNEUMONIA - .  608 .225
EMPHYSEMA
SINUSITIS
- . 1 2 3 .
- .4 7 0
.281
.347
ACUTE PHARYNGITIS AND NASOPHARYNGITIS .008 - .3 3 0
Figure 1.34
Corre la t ion  C o e f f i c i e n t s —Annual H o s p i ta l  Admission r a t e s  ve rsus  mean 
annual t em pera tu re  and s i x  m i le  v i s i b i l i t y
TEMPERATURE VERSUS VISIBILITY .1956 -  1971 - .3 5 0
( Not S t a t i s t i c a l l y  S i g n i f i c a n t  )
1963 - 1971 - .6 0 8
Figure 1.34 A
Corre la t ion  C o e f f i c i e n t  -  Temperature  Versus V i s i b i l i t y
§
150 g
Q.
Q.
»-
■o
Q ,
</ 1(S 7
Y e a r
I
roI
Figure 1.35
C orre la t ion  between Annual Temperature and Acute Upper Respiratory Infec t ion
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versus t e m p e ra tu re  a r e  a l l  s i g n i f i c a n t  a t  th e  .05 lev e l  This means 
t h a t  t h e r e  i s  on ly  a 5 p e r c e n t  chance t h a t  th e  c o r r e l a t i o n s  could  have 
occurred through th e  random s c a t t e r i n g  o f  th e  d a ta  p o i n t s .
The as thma,  emphysema, and a c u te  p h a r y n g i t i s  and n a s o p h a r y n g i t i s  
annual h o s p i t a l  adm iss ion  r a t e s  do n o t  c o r r e l a t e  well  w i th  e i t h e r  annual 
temperature  o r  reduced v i s i b i l i t y .  The annual admiss ion  r a t e s  f o r  
asthma and a c u te  p h a r y n g i t i s  and n a s o p h a r y n g i t i s  have de c rea se d  s i n c e  
1956 w h i le  th e  admiss ion  r a t e  f o r  emphysema has in c r e a s e d  enormously.
These t r e n d s  appear  t o  have o f f s e t  t h e  e f f e c t s  o f  t e m p e ra tu re  and 
v i s i b i l i t y .
In an a t t e m p t  t o  f u r t h e r  an a ly ze  th e  c o r r e l a t i o n  between the  
annual h o s p i t a l  admiss ion  r a t e  f o r  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  
and mean annual t e m p e ra tu re  and reduced v i s i b i l i t y ,  m u l t i p l e  and 
p a r t i a l  c o r r e l a t i o n  were a p p l i e d  t o  th e  v a r i a b l e s .  P a r t i a l  c o r r e l a t i o n ,  
app lied  to  t h r e e  v a r i a b l e s ,  i s  a t e c h n iq u e  f o r  f i n d in g  t h e  r e l a t i o n s h i p  
between any two v a r i a b l e s  w h i l e  removing th e  e f f e c t  o f  th e  t h i r d  v a r i a b l e .  
We have c a l c u l a t e d  th e  p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  h o s p i t a l  
admissions f o r  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  ve rsus  mean annual 
tem p era tu re ,  w i th  reduced v i s i b i l i t y  " p a r t i a l e d "  out  and f o r  h o s p i t a l  
admissions f o r  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  ve rsus  reduced v i s i b i l i t y  
with t e m p e r a t u r e " p a r t i a l e d "  o u t .  M u l t ip l e  c o r r e l a t i o n ,  a p p l i e d  to  t h r e e  
v a r i a b le s  i s  a t e c h n iq u e  f o r  d e te rm in ing  th e  combined e f f e c t  o f  two 
v a r i a b le s  on a t h i r d .  M u l t ip l e  c o r r e l a t i o n  was a p p l i e d  t o  h o s p i t a l  
admissions f o r  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  ve rsus  t e m p e ra tu re  
and reduced v i s i b i l i t y .  These c o r r e l a t i o n  c o e f f i c i e n t s  a r e  a l l  shown in  
f ig u re  1.37-
Since  t h e  h o s p i t a l  adm iss ion  r a t e  f o r  a c u te  upper r e s p i r a t o r y  
i n f e c t i o n  c o r r e l a t e s  w el l  w i th  t e m p e ra tu re  and reduced v i s i b i l i t y ,  we
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expanded our  a n a l y s i s  o f  t h i s  p a r t i c u l a r  i l l n e s s  to  i n c lu d e  monthly 
h o s p i t a l  admiss ions  and v a r io u s  o t h e r  environmenta l  p a ra m e te r s .  L inear  
l e a s t  squa res  a n a l y s i s  was a p p l i e d  to  th e  monthly h o s p i t a l  admiss ion 
r a t e  f o r  a c u t e  upper r e s p i r a t o r y  i n f e c t i o n  ve rsus  monthly i n v e r s io n  
index,  number o f  hours  p e r  month w i th  v i s i b i l i t y  s i x  m i le s  o r  l e s s  
due t o  smoke, f o g ,  o r  h a z e ,  average  monthly d e p a r tu r e  from normal 
tem p era tu re ,  mean monthly t e m p e r a t u r e ,  t o t a l  monthly p r e c i p i t a t i o n ,  
average monthly r e l a t i v e  hum id i ty  a t  11a.m. monthly average  p e rc e n t  of  
p o s s ib le  s u n s h in e ,  and average  monthly p a r t i c u l a t e . ^  The c o r r e l a t i o n  
c o e f f i c i e n t s  f o r  monthly h o s p i t a l  admiss ions  f o r  a cu te  upper r e s p i r a t o r y  
i n f e c t io n  versus  th e  v a r io u s  environmenta l  pa ram eters  a r e  g iven in  
f i g u r e  1 .38.  We observe  t h a t  t h e  monthly h o s p i t a l  admiss ion  r a t e  f o r  
acu te  upper r e s p i r a t o r y  i n f e c t i o n  i s  p o s i t i v e l y  c o r r e l a t e d  w ith  the  
monthly in v e r s io n  in d ex ,  number o f  hours pe r  month with  v i s i b i l i t y  
s ix  miles  o r  l e s s ,  average  monthly r e l a t i v e  h um id i ty ,  and average  
monthly p a r t i c u l a t e  l e v e l .  The admiss ion  r a t e  i s  n e g a t iv e l y  c o r r e l a t e d  
with d e p a r tu r e  from normal t e m p e r a tu re ,  average  monthly t e m p e ra tu re ,  
and average p e rc e n t  o f  p o s s i b l e  s u n s h in e .  The h i g h e s t  c o r r e l a t i o n  was 
between t h e  monthly admiss ion  r a t e  f o r  a c u te  upper r e s p i r a t o r y  i n f e c t i o n  
and th e  average  monthly p a r t i c u l a t e  l e v e l ,  wi th  th e  n e g a t iv e  c o r r e l a t i o n  
between tem p era tu re  and a c u te  upper r e s p i r a t o r y  i n f e c t i o n  rank ing  second, 
In general  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  monthly r a t e s  o f  a c u te  
upper r e s p i r a t o r y  i n f e c t i o n  a re  l e s s  than  th e  c o r r e l a t i o n  c o e f f i c i e n t s  
fo r  th e  annual t o t a l s .  In our  a n a l y s i s  of  th e  d a ta  i t  appeared t h a t  
" lag  t imes"  were e v i d e n t ,  p a r t i c u l a r l y  with t em p era tu re  and v i s i b i l i t y  
r e d u c t io n .  The months f o l lo w in g  low t e m p era tu re  and poor v i s i b i l i t y  
months o f t e n  had high r a t e s  o f  a c u te  upper r e s p i r a t o r y  i n f e c t i o n .
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PART-IAL CORRELATION
Acute Upper R e s p i r a t o r y  I n f e c t i o n  v e rsu s  mean annual t e m p e ra tu re  - .3 99
Acute Upper R e s p i r a t o r y  I n f e c t i o n  v e rsus  reduced v i s i b i l i t y  .583
multiple correlation
Acute Upper R e s p i r a to r y  I n f e c t i o n  ve rsus  tem p era tu re  and v i s i b i l i t y  .797 
Figure 1.37
P a r t ia l  and M u l t ip le  C o r r e l a t i o n  — Acute Upper R e s p i r a to r y  I n f e c t i o n  versus  
Temperature and Reduced V i s i b i l i t y .
VARIABLE CORRELATION COEFFICIENT
MONTHLY INVERSION INDEX .266
HOURS PER MONTH WITH VISIBILITY 6 MILES OR LESS .235
AVERAGE MONTHLY DEPARTURE FROM NORMAL TEMPERATURE - .1 2 8
AVERAGE MONTHLY TEMPERATURE - .4 1 9
AVERAGE MONTHLY PRECIPITATION .016
AVERAGE MONTHLY RELATIVE HUMIDITY llOOM .364
AVERAGE MONTHLY PERCENT OF POSSIBLE SUNSHINE - .2 7 8
AVERAGE MONTHLY PARTICULATE .489
Figure 1.38
C orre la t ion  C o e f f i c i e n t s - - M o n t h l y  H o sp i ta l  Admissions f o r  Acute Upper 
Resp ira tory  I n f e c t i o n  v e r s u s  v a r io u s  Environmental  Param eters
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S t a t i s t i c a l  a n a l y s i s  f o r  " l a g  t im es"  w i l l  be a t tem p ted  in  f u t u r e  
s t u d i e s .  I t  i s  q u i t e  p o s s i b l e ,  however, t h a f ' l a g  t im es"  a r e  r e s p o n s i b l e  
f o r  th e  observed r e d u c t i o n  i n  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  The 
c o r r e l a t i o n s  between monthly a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  and 
average  monthly t e m p e ra tu re  and p a r t i c u l a t e  a r e  s i g n i f i c a n t  a t  th e  .01 
l e v e l ,  w h i le  t h e  c o r r e l a t i o n  between monthly acu te  upper r e s p i r a t o r y  
i n f e c t i o n  and monthly i n v e r s i o n  in d e x ,  reduced v i s i b i l i t y ,  r e l a t i v e  
hum id i ty ,  and p e rc e n t  o f  p o s s i b l e  su n sh in e  a re  s i g n i f i c a n t  a t  t h e  .05 
l e v e l .
Chapter  Two 
R e s p i r a t o r y  Deaths in Missoula  County
This c h a p te r  d e a l s  w i th  th e  m o r t a l i t y  r a t e s  f o r  r e s p i r a t o r y  
d i s e a s e s ,  and the  t o t a l  m o r t a l i t y  r a t e  f o r  Missoula County. The d a ta  
f o r  t h i s  p o r t io n  o f  t h e  s tu d y  were o b ta in e d  from th e  dea th  i n d ic e s  o f  th e  
Missoula County Clerk  and R e c o rd e r ' s  O f f i c e . ^  The s t a t i s t i c a l  in fo rm a t io n  
conta ined  in  th e  dea th  i n d i c e s  in c lu d e  t h e  age ,  s e x ,  a d d r e s s ,  o c c u p a t io n ,  
and cause o r  causes  o f  d ea th  f o r  every  dea th  o c cu r r in g  in  Missoula 
County. Many o f  t h e  d e a th s  l i s t  m u l t i p l e  c a u se s .  For th e  purposes o f  
t h i s  s tudy  every dea th  w i th  a r e s p i r a t o r y  d i s e a s e  l i s t e d  as a cause  o f  
death was i n c l u d e d , whe ther  th e  r e s p i r a t o r y  d i s e a s e  was t h e  s o l e  cause  
of death  or  no t .
Five c a t e g o r i e s  o f  r e s p i r a t o r y  d i s e a s e s  were chosen to  be s t u d i e d .  
They a re :  1) pneumonia ( ex c lu d in g  h y p o s t a t i c  pneumonia ) ,  2) b r o n c h i t i s -
b r o n c h i o l i t i s , 3) emphysema, 4) as thma,  5) upper r e s p i r a t o r y  i n f e c t i o n .  
Each d i s e a s e  was then  d i v i d e d  i n t o  t o t a l s  by month, and y e a r  from 1950 
to 1971, and th e  t o t a l s  c o n v e r te d  to  d e a th s  pe r  100,000. Combined 
r e s p i r a t o r y  dea th s  ( th e  f i v e  c a t e g o r i e s  ) ,  and dea ths  from a l l  causes  
were t o t a l e d  and co n v e r ted  in  th e  same manner Of t h e s e  t o t a l s ,  
b r o n c h i t i s - b r o n c h i o l i t i s , and upper  r e s p i r a t o r y  i n f e c t i o n  proved to  
be n u m e r i c a l ly  i n s i g n i f i c a n t ,  and were n o t  c a t e g o r i z e d  f u r t h e r
The annual combined r e s p i r a t o r y  dea th  r a t e  shows a sha rp  i n c r e a s e  
during the  twentytwo y e a r  p e r i o d ,  as i n d i c a t e d  in  f i g u r e  2 .1 .  Monthly 
t o t a l s  f o r  t h i s  c a te g o ry  a r e  shown in  f i g u r e s  2 .2  - 2 .23 .  Death from
- 4 8 -
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a l l  causes i s  shown by th e  s o l i d  l i n e  in  f i g u r e  2 .2 4 ,  w h i le  th e  dashed 
l in e  i n d i c a t e s  t h e  N a t iona l  a v e r a g e .^  The t o t a l  death  r a t e  f o r  Missoula 
County i s  e s s e n t i a l l y  c o n s t a n t .
The asthma,  emphysema, and pneumonia death  r a t e s  ( s o l i d  l i n e s  ) 
are p l o t t e d  a g a i n s t  t h e  Nat iona l  average  ( dashed l i n e  ) in  f i g u r e s  
2.25 - 2 .27 .  Monthly t o t a l s  f o r  pneumonia d e a th s  a r e  shown in  f i g u r e s  
2.28 - 2 .49 .  The emphysema and asthma death  r a t e s  both show s l i g h t  
increases  over  th e  N at iona l  ave rag e .  (The N at iona l  average  f o r  emphysema 
was not  a v a i l a b l e  from 1950 to  1960.)  Pneumonia shows a very  sha rp  
increase  du r ing  th e  twentytwo y e a r  p e r i o d ,  and i s  f a r  above the  Nat iona l  
average. The in c r e a s e  in  th e  pneumonia death  r a t e  i s  r e s p o n s i b l e  f o r  
most of th e  i n c r e a s e  noted  in  th e  combined r e s p i r a t o r y  death  r a t e .
Many of the  pneumonia d e a th s  had more than  one c o n t r i b u t i n g  cause l i s t e d  
in the  death i n d i c e s .  The p e rc e n ta g e  o f  pneumonia d ea ths  with  m u l t i p l e  
causes l i s t e d  i s  shown in  f i g u r e  2 .50 .
Pneumonia, as thma,  emphysema, and combined r e s p i r a t o r y  d e a th s  
were a lso  d iv id ed  i n t o  age group and sex c a t e g o r i e s .  Sex d i f f e r e n t i a t i o n  
is in d ic a te d  in  f i g u r e s  2 .51  -  2 .5 4 .  Females a r e  r e p r e s e n te d  by th e  
dark p o r t ion  o f  th e  column, and males by the  l i g h t e r  p o r t i o n .  The 
percentage o f  male d e a th s  i s  h ig h e r  in  every  c a t e g o r y ,  w i th  emphysema 
being the  most s t r i k i n g  example.
Age group d i f f e r e n t i a t i o n  i s  shown in  f i g u r e s  2 .55  - 2 .58 .  In 
every ca tegory  th e  l a r g e s t  p e rc e n ta g e  o f  d ea ths  i s  in  t h e  70+ age 
group, with  pneumonia, emphysema, and combined r e s p i r a t o r y  d e a th s  over  
50 p e rc en t ,  and asthma a t  45 p e r c e n t .  The 60 69 ,  50 - 59, and 0 - 4
age groups a l s o  i n d i c a t e  f a i r l y  l a r g e  p e rc e n ta g e s .
D e t e r m i n a t i o n  o f  r e s i d e n c e  was a l s o  made f o r  com bined  r e s p i r a t o r y
- 5 0 -
d e a th s  from 1950 t o  1971. Some o f  th e  d e a th s  l i s t e d  in  tFie M issoula  
County dea th  i n d ic e s  were o f  i n d i v i d u a l s  who were n o t  Missoula  County 
r e s i d e n t s .  This  d i f f e r e n t i a t i o n  i s  shown in  f i g u r e  2 .5 9 .  The dark, 
p o r t io n  o f  th e  column i n d i c a t e s  th o se  who r e s i d e d  o u t s i d e  Missoula  
County, w hi le  t h e  l i g h t  p o r t i o n  r e p r e s e n t s  Missoula  County r e s i d e n t s .  
In every  y e a r ,  a t  l e a s t  70 p e r c e n t ,  b u t  u s u a l ly  more, o f  th.e d e a th s  
were o f  those  who r e s i d e d  in  Missoula  County. Missoula  County 
r e s i d e n t s  comprised 82 p e r c e n t  o f  t h e  dea th s  r eco rd ed  in  th e  s tu d y .
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Combined R e s p i r a t o r y  Deaths per 100000 p op u la t ion  -  Missoula  County 1950 -  1971
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUME
DEAl
1950 23 0 0 0 0 8 8 15 46 13
1951 22 0 0 0 0 0 0 0 78 9
1952 6 0 0 0 0 6 0 12 76 17
1953 7 0 0 0 0 14 0 21 57 14
1954 10 0 0 0 0 16 16 10 47 19
195.5 10 0 0 0 10. 5 5 5 63 19
1956 20 0 0 0 7 13 13 7 40 15
1957 6 6 0 6 0 0 12 18 53 17
1958 25 0 0 0 0 12 4 17 42 24
1959 18 0 0 0 0 0 4 7 70 27
1960 19 0 0 0 0 0 6 19 56 16
1961 21 0 0 0 0 4 4 14 56 48
1962 18 0 0 0 3 0 0 15 65 34
1963 10 0 0 0 3 0 0 3 83 29
1964 0 0 0 0 3 6 9 6 76 33
1965 11 0 3 0 0 0 6 3 78 36
1966 4 0 0 0 2 6 8 11 68 47
1967 17 0 0 0 0 0 0 7 77 30
1968 8 2 0 8 2 0 2 12 65 40
1969 6 0 4 4 2 4 10 6 65 51
1970 4 0 2 0 4 0 8 10 72 51
1971 9 0 0 2 0 2 9 19 58 43
tota l  11 0
Figure 2.55
Age D i f f e r e n t i a t i o n  -
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Pneumonia Deaths
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AGE GROUP ( PERCENT )
YEAR 0 -4 5 -1 0 1 1 -1 5 1 6 -2 1 2 2 -3 9 4 0 -4 9 5 0 -5 9 60-69 70+ NUI
DEi
1950 0 0 0 0 0 0 33 0 67 3
1961 0 0 0 0 0 0 0 0 100 1
1952 0 0 0 0 0 0 0 0 100 1
1953 0 0 0 0 0 0 0 0 100 1
1954 0 0 0 0 0 0 100 0 0 1
1955 0 0 0 0 0 0 50 0 50 2
1956 0 0 0 0 0 0 100 0 0 1
1957 0 0 0 0 0 0 0 0 100 1
1958 0 0 0 0 0 33 0 33 33 3
1959 0 0 0 0 50 0 50 0 0 2
1960 0 0 0 0 0 0 100 0 0 1
1961 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 25 50 25 4
1964 0 0 0 0 0 0 0 0 100 3
1965 0 0 0 0 0 0 100 0 0 1
1966 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 100 0 0 1
1969 0 0 0 0 0 0 0 0 100 1
1970 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 50 0 50 0 2
total 0 0
Figure 2 .56
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUI
DE;
1950 0 0 0 0 0 0 100 0 0 1
1951 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 100 0 1
1954 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 50 50 2
1956 0 0 0 0 0 50 0 0 50 2
1957 0 0 0 0 0 0 25 0 75 4
1958 0 0 0 0 0 0 25 25 50 4
1959 33 0 0 0 0 0 0 33 33 3
1960 0 0 0 0 0 0 0 0 100 2
1961 0 0 0 0 0 0 0 50 50 4
1962 0 0 0 0 0 0 0 67 33 6
1963 0 0 0 0 0 0 0 40 60 5
1964 0 0 0 0 0 0 0 50 50 6
1965 0 0 0 0 0 9 18 36 36 11
1966 0 0 0 0 8 0 8 25 58 12
1967 0 0 0 0 0 16 33 33 16 6
1968 0 0 0 0 0 0 14 14 71 7
1969 0 0 0 0 0 14 14 14 57 14
1970 0 0 0 0 0 0 31 8 62 13
1971 0 0 0 0 0 0 0 38 62 8
to ta l  1 0
Figure 2.57
Age D i f f e r e n t i a t i o n
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AGE GROUP ( PERCENT )
YEAR 0-4 5-10 11-15 16-21 22-39 40-49 50-59 60-69 70+ NUMBER OF 
DEATHS
1950 17 0 0 0 6 6 17 11 44 18
1951 20 0 0 0 0 0 0 0 80 10
1952 5 0 0 0 0 5 0 10 79 19
1953 5 0 5 0 5 16 0 21 47 19
1954 10 0 0 0 0 15 20 10 45 20
1955 16 0 0 0 8 4 8 8 56 25
1956 16 0 0 0 5 16 21 5 37 19
1957 9 4 0 4 0 0 13 13 56 23
1958 19 0 0 0 0 13 6 19 42 31
1959 21 0 0 0 3 0 6 7 61 33
1960 15 0 0 0 0 0 10 20 55 20
1961 19 0 0 0 0 4 4 17 56 52
1962 14 0 0 0 2 0 0 21 62 42
1963 8 0 0 0 3 0 3 13 74 38
1964 0 0 0 0 2 5 7 12 74 42
1965 8 0 2 0 0 2 10 10 67 48
1966 3 0 0 0 3 5 8 14 66 59
1967 13 0 0 0 0 3 5 13 66 38
1968 6 2. 0 6 4 0 8 13 62 52
1969 5 0 3 3 2 5 10 6 66 61
1970 3 0 2 0 3 0 12- 9 70 64
1971 7 0 0 2 0 4 9 22 56 55
total 10 0 1 1 2 4 8 13 62 788
Figure 2 .58
Age D i f f e r e n t i a t i o n  -  Combined R e s p i r a t o r y  D eaths
(Number a t  top o f  bar indicates number of  cases . )
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Chapter  Three 
Summary and Conclus ions
The Missoula V a l ley  a i r  p o l l u t i o n  - r e s p i r a t o r y  d i s e a s e  s tudy  has 
been an ongoing p r o j e c t  o f  t h e  a u th o r s  and th e  U n i v e r s i t y  o f  Montana 
Student Environmental Research  C en te r  f o r  over  two y e a r s .  Most o f  t h a t  
time was sp e n t  s imply c o l l e c t i n g  and t r a n s c r i b i n g  v a r io u s  d a ta .  This 
report  r e p r e s e n t s  t h e  f i r s t  p u b l i c a t i o n  r e s u l t i n g  from the  s tu d y .
Detai led s t a t i s t i c a l  a n a l y s i s  i s  p r e s e n t l y  c o n t in u in g  and updated 
research r e p o r t s  w i l l  be i s s u e d  p e r i o d i c a l l y .  The S tu d e n t  Environmental 
Research Center  e v e n t u a l l y  p lan s  t o  p u b l i s h  a comprehensive monograph 
analyzing r e s p i r a t o r y  i l l n e s s  in  th e  Miss.oula V a l ley .
In the  f i r s t  phase o f  t h i s  s tu d y  th e  p e r  c a p i t a ,  t ime s e r i e s ,  
admission r a t e s  t o  S t .  P a t r i c k ' s  H o s p i ta l  f o r  v a r io u s  r e s p i r a t o r y  
i l ln e s se s  were de te rm ined  f o r  t h e  p e r io d  from 1955 to  1971. Over 
12000 r e s p i r a t o r y  adm iss ions  were an a ly ze d .  The per  c a p i t a  admiss ion r a t e s  
for chronic r e s p i r a t o r y  i l l n e s s e s ,  p a r t i c u l a r l y  emphysema and ch ro n ic  
b ro n c h i t i s ,  a re  i n c r e a s i n g  w h i l e  t h e  adm iss ion  r a t e s  f o r  a c u te  r e s p i r a t o r y  
diseases a re  c o n s t a n t  o r  d e c r e a s i n g .
Some of  th e  f a c t o r s  a f f e c t i n g  th e  annual r e s p i r a t o r y  admiss ion 
rates were a l s o  s t u d i e d .  Through s t a t i s t i c a l  a n a l y s i s  i t  was de te rmined 
that  the  mean annual t e m p e r a tu re  i s  n e g a t i v e l y  c o r r e l a t e d  w ith  th e  
ar\pual h o s p i t a l  admiss ion  r a t e  f o r  v a r io u s  r e s p i r a t o r y  i l l n e s s e s ,  
p a r t i c u l a r ly  b r o n c h i t i s ,  a c u t e  upper  r e s p i r a t o r y  i n f e c t i o n ,  and pneumonia. 
This inverse  c o r r e l a t i o n  i n d i c a t e s  t h a t  a low ( co ld  ) mean annual 
temperature i s  a s s o c i a t e d  w i th  a high r e s p i r a t o r y  d i s e a s e  admiss ion  r a t e .
- I l l -
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( The c o ld e r  th e  mean annual  t e m p e r a t u r e ,  t h e  h ig h e r  th e  r e s p i r a t o r y  
d i s e a s e  admission r a t e .  ) Reduced v i s i b i l i t y  a t  t h e  Missoula  County 
A i rp o r t  i s  a l s o  d i r e c t l y  c o r r e l a t e d  w i th  h o s p i t a l  admiss ions  f o r  
r e s p i r a t o r y  i l l n e s s ,  e s p e c i a l l y  a c u t e  upper  r e s p i r a t o r y  i n f e c t i o n .
This d i r e c t  c o r r e l a t i o n  im p l i e s  t h a t  a high number o f  hours pe r  y e a r  
with v i s i b i l i t y  s i x  m i le s  o r  l e s s  a t  t h e  Missoula  County A i r p o r t  
due t o  smoke, f o g , o r  haze i s  a s s o c i a t e d  w ith  a h igh annual admission 
r a t e  f o r  a cu te  upper  r e s p i r a t o r y  i n f e c t i o n .  ( The p o o re r  th e  v i s i b i l i t y ,  
the  h ig h e r  the  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n  admiss ion  r a t e .  )
With the  e x cep t io n  o f  a c u t e  upper r e s p i r a t o r y  i n f e c t i o n ,  th e  c o r r e l a t i o n  
between reduced v i s i b i l i t y  and r e s p i r a t o r y  admiss ions  i s  no t  as s t ro n g  
as th e  c o r r e l a t i o n  between mean annual t e m p era tu re  and r e s p i r a t o r y  
admissions. However, t h e  s t r o n g e s t  c o r r e l a t i o n  found in. th e  s tudy  
was between the  annual number o f  h o s p i t a l  admiss ions  f o r  a cu te  upper 
r e s p i r a t o r y  i n f e c t i o n  and t h e  annual number o f  hours p e r  y e a r  with 
v i s i b i l i t y  s i x  m i le s  o r  l e s s  due to  smoke, f o g ,  o r  haze a t  t h e  
Missoula County A i r p o r t .  This  c o r r e l a t i o n  i s  p a r t i c u l a r l y  i n t e r e s t i n g  
s ince  v i s i b i l i t y  r e d u c t io n  due t o  smoke o r  haze i s  caused by suspended 
p a r t i c u l a t e  m a t t e r .  I t  has a l s o  been shown t h a t  reduced v i s i b i l i t y  
due to  smoke o r  haze i s  a s s o c i a t e d  w i th  e l e v a t e d  p a r t i c u l a t e  a i r
3
p o l lu t io n  l e v e l s  downtown a t  t h e  c o u r th o u s e .  I n v e r s io n  c o n d i t io n s  
are  a l s o  s t r o n g l y  l in k e d  w i th  reduced v i s i b i l i t y  a t  th e  a i r p o r t .
In an a t tem p t  t o  f u r t h e r  s tu d y  th e  f a c t o r s  a f f e c t i n g  the  h o s p i t a l  
admission r a t e  f o r  a c u te  upper  r e s p i r a t o r y  i n f e c t i o n ,  th e  s t a t i s t i c a l  
c o r r e l a t i o n s  between th e  monthly adm iss ion  r a t e  f o r  a cu te  upper 
r e s p i r a t o r y  i n f e c t i o n  and a number o f  env ironm enta l  pa ram eters  were
-1 1 3 -
de te rm ined .  The h i g h e s t  c o r r e l a t i o n  found was w ith  th e  average  monthly 
p a r t i c u l a t e  leve l  a t  t h e  M issoula  County Courthouse .  The n e g a t iv e  
c o r r e l a t i o n  w i th  th e  mean monthly t e m p e ra tu re  ranked second.  The 
monthly c o r r e l a t i o n s ,  a l th o ug h  l e s s  s t r o n g  than  t h e  annual  c o r r e l a t i o n s ,  
tend  to  confi rm  t h e  t r e n d s  e s t a b l i s h e d  w ith  th e  annual admiss ion 
c o r r e l a t i o n s .
In t h e  second segment o f  t h i s  s tu d y  th e  m o r t a l i t y  r a t e s  f o r  v a r iou s  
r e s p i r a t o r y  d i s e a s e s  in  Missoula  County were d e te rm ined .  The annual 
m o r t a l i t y  r a t e s  f o r  emphysema and pneumonia in Missoula  County a re  
i n c r e a s in g .  The emphysema r a t e  e s s e n t i a l l y  p a r a l l e l s  t h e  National  
average ;  t h e  pneumonia r a t e  does n o t .
C e r t a in ly  t h e  most  p u z z l in g  a s p e c t  o f  th e  s tu d y  to  d a te  i s  th e  
Missoula County pneumonia dea th  r a t e .  The pneumonia dea th  r a t e  has 
in c reased  d r a m a t i c a l l y  s i n c e  1950. The mean Missoula  County dea th  
r a t e  f o r  pneumonia f o r  t h e  p e r io d  1950 through 1960 i s  41 d ea ths  per  
100,000 p o p u la t io n  pe r  y e a r  The 1961 - 1971 mean pneumonia death  
r a t e  i s  78 dea ths  pe r  100000 per  y e a r -  This  i n c r e a s e  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  .001 l e v e l  This  m o r t a l i t y  r a t e  i s  f a r  above 
the  National  ave rag e .  The Missoula  County r a t e  may n o t  be comparable 
to  the  National  a v e r a g e ,  however About 20 p e rc e n t  o f  th e  pneumonia 
deaths  l i s t e d  in  t h e  M issoula  County dea th  i n d i c e s  were not  Missoula  
County r e s i d e n t s .  Also a bou t  t w o - t h i r d s  o f  th e  pneumonia d e a th s  had 
m u l t ip le  causes o f  dea th  l i s t e d  in  t h e  dea th  i n d i c e s .  Both o f  t h e s e  
f a c to r s  have remained e s s e n t i a l l y  c o n s t a n t  d u r in g  th e  pe r io d  o f  i n c r e a s e ,  
The National  dea th  r a t e  f o r  pneumonia a l s o  does not  in c lu d e  newborn 
d e a th s ;  however t h i s  f a c t o r  i s  e x t rem e ly  sm a l l .
No s t a t i s t i c a l  c o r r e l a t i o n s  have y e t  been a t t em p ted  between
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Missoula County r e s p i r a t o r y  m o r t a l i t y  r a t e s  and v a r io u s  environmental  
pa ram ete rs .  All we know t o  d a te  i s  t h a t  " something has happened."
The per  c a p i t a  number o f  d e a th s  w i th  pneumonia l i s t e d  as a cause  o f  
death  in  t h e  Missoula  County dea th  index i s  i n c r e a s i n g  and t h i s  i n c r e a s e  
i s  s t a t i s t i c a l l y  s i g n i f i c a n t .
I t  i s  easy to  s p e c u l a t e  about  t h e  cause  o r  causes  o f  t h i s  i n c r e a s e .  
S p ec u la t io n  p robably  c e n t e r s  on a i r  p o l l u t i o n .  M is s o u la ' s  a i r  p o l l u t i o n  
problems have been no ted  and a re  well  known. Numerous o t h e r  p o s s ib l e  
causes could a l s o  be n o ted .  While a i r  p o l l u t i o n  may n o t  be r e s p o n s i b l e  
fo r  or a s s o c i a t e d  w i th  th e  i n c r e a s e ,  t h e  p o s s i b i l i t y  c e r t a i n l y  cannot  
be excluded o r  ig n o red .
Based on our r e s e a r c h  t o  d a t e ,  we can see  two major  a re a s  where 
f u t u r e  r e s e a rc h  must be c o nduc ted .  The Missoula  County pneumonia 
death r a t e  must be s t u d i e d  and ana lyzed  in  d e t a i l ;  t h e  i n c r e a s e  in  th e  
death r a t e  i s  too  s i g n i f i c a n t  to  ig n o re  o r  leave  un ex p la in e d .  Secondly ,  
a rea l  t im e ,  l o n g i t u d i n a l  s tu d y  o f  a c u te  upper r e s p i r a t o r y  i n f e c t i o n  
must be u nd er taken .  H o s p i t a l  adm iss ions  f o r  a c u te  upper  r e s p i r a t o r y  
are  only the  " t i p  o f  t h e  i c e b e r g  " They a re  n o t  a t r u e  measure o f  
the in c id en c e  o f  t h e  d i s e a s e .  However, s i n c e  h o s p i t a l  admiss ions  
f o r  acu te  upper r e s p i r a t o r y  i n f e c t i o n  a re  s t r o n g l y  a s s o c i a t e d  w ith  
reduced v i s i b i l i t y  and hence  w i th  p a r t i c u l a t e  a i r  p o l l u t i o n  and in v e r s io n  
c o n d i t i o n s ,  th e  r e l a t i o n s h i p  between t h e  d i s e a s e  and a i r  p o l l u t i o n  
shbuld be exp lo red  f u r t h e r .  P h y s i c i a n ' s  v i s i t s  f o r  a c u te  upper r e s p i r a t o r y  
i n f e c t i o n  w i l l  g iv e  a l a r g e r  d a ta  base  and a c l o s e r  t im e  l i n k  between 
the o n se t  o f  the  d i s e a s e  and e n t r y  i n t o  t h e  d a ta  c o l l e c t i o n  system.
SERC i s  p r e s e n t l y  e x p lo r in g  th e  p o s s i b i l i t y  o f  m odif ing  the  e x i s t i n g  
P h y s i c i a n ' s  s tu d y  to  focus  on a c u t e  upper  r e s p i r a t o r y  i n f e c t i o n .
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